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WORKS ASSOCIATION. 


COMPILED BY RICHARD K. HALE, EDITOR, JOURNAL OF THE NEW 
ENGLAND WATER WORKS ASSOCIATION. 


The tables presented herewith contain statistics of forty-five 
municipal water works, as summarized in their annual reports. 
There are other water works which summarize their statistics, but 
the compiler has not succeeded in obtaining their reports for the 
year 1909. 

The report of the Committee on Uniform Statistics, containing 
the form as endorsed for use in the 1901 reports, is printed on page 
51 of Vol. XV of the JournAL (March, 1902). The page for 
Financial Statistics was changed by vote of the Association in 
September, 1902, as reported in the December, 1902, JourNaL 
(Vol. XVI, p. 263). Blank forms for use in preparing summaries 
are printed by the Association, and will be furnished on request. 

Previous compilations of statistics may be found in the Jour- 
NAL, as follows: 

Statistics for Reference to Journal. 
Vol. I, No. 4, p. 29 
Vol. II, No. 4, p. 28 


Vol. VII, p. 225 
Vol. IX, p. 127 


Vol. XII, p. 273 
Vol. XV, p. 65 
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Reference to Journal. 


Statistics for 


Vol. XXI, p. 191 
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In the various tabulations, statistics are given for the following 
places and years: 


1900, 1904, 1906, 1909 


Atlantic Gity, NN. 1898, 1900-04 
Attleboro, 1894-1904, 1906, a 
Beverly, Mass....... 1903, 1906 


1886-94, 1897, 1900, 1903, 1909 


1893-1904, 1906, 1909 
1886-1904, 1906, 1909 


1886-95, 1897-1904, 1906, 1909 
1886-92, 1894-1904, 1906, 1909 


1906 
Arlington, Mass_________ .. . . 
Cambridge, Mass...................1900-04, 1906, 1909 fe 
Chelsea, 1900-04, 1906, 1909 
3 Cleveland, Ohio....................1902-04, 1906 = 
Concord, N. 1898, 1900-04 
Detroit, Mich____.. . 
East Orange, N. J..................1909 
: Essex Junction, Vt................1900 
1900 
Ipswich, Mass......................1900 
Keene, N. 1903-04, 1909 


1886, 1897-1904, 1906, 1909 


Marlborough, Mass 1900, 1903-04, 1906, 1909 

Metropolitan Water Works, Mass. . . . 1900-04, 1906, 1909 
Middleboro, Mass.................. 1895-1904, 1906 
Middletown, Conn.................. 1902 

Minneapolis, Minn................. 1900-04, 1906 

New Bedford, Mass................. 1886-1904, 1906, 1909 
New London, Conn................. 1886-1904, 1906, 1909 


1888-1904, 1906, 1909 


Plymouth, Mass............. ee 1886-1904, 1906, 1909 


909 


Whitman, 

Winchendon, Mass................. 1900-04, 1906, 1909 

Woonsocket, R. [....... 1886-1900, 1902-04, 1906, 1909 
Worcester, 1900, 1906, 1909 


HALE. 421 
Place. Year. 
Lawrence, Mass—__ 1902-04, 1909 
. Lewiston, . 1900 
London, Ontario...................1909 
Lowell, ...... . . 
cae Reading, Mass.....................1893, 1895-1904, 1906, 1909 
Reading, 1906, 1909 
Sandusky, Ohio...................1886 
ee Schnectady, N. Y..................1886, 1900-01 
ae Somerville, Mass...................1900-04, 1906, 1909 
Springfield, Mass...................1886-1904, 1906, 1909 
Troy, N. 1888-93, 1897-99 
Waltham, Mass...:................1886-1904, 1906 
= Ware, Mass.........-.....-........1886, 1888-92, 1900-04, 1906, 1909 
= Watertown, Mass...:...............1900, 1909 
Wellesley, Mass....................1888-93, 1898-1904, 1906, 1909 
Westerly, R. I.....................1902-04, 1906, 1909 
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442 DEPRECIATION IN WATER-WORKS OPERATION. 


DEPRECIATION, —IN WATER-WORKS OPERATION 
AND ACCOUNTING. 


BY LEONARD METCALF.* 
[Read September 22, 1910.] 


That the author may not hereafter be charged with plagiarism 
he calls attention to the fact that a portion of this paper was 
written by him early in the year 1910, for insertion in a report 
(made by Mr. John W. Alvord, of Chicago, and the writer) 
upon the reproduction cost of the water works supplying one of 
the larger cities of the United States. It was subsequently used, 
in part, by Mr. Alvord (as stated by him at the New Orleans 
Convention of the American Water Works Association, held in 
April, 1910) as a basis for the progress report to that association 
of the ‘‘ Committee upon Depreciation,’ of which he was the chair- 
man and the writer was a member. The water company officials 
have courteously consented to the use of the material submitted 
to them, and it was thought that the fact that some of the opinions 
expressed had been reported to an operating company, as sugges- 
tions bearing upon its future government, might give it an added 
interest. 

DEPRECIATION. 

The fact that structures deteriorate with age and through other 
causes is well known to owners of property. Nevertheless, sub- 
stantial recognition has not generally been given to this fact in 
the operation of water works, by providing a depreciation fund 
or account, to be earned by the rates, against which fund the cost 
of all abandoned structures and replacements should be charged. 
The decision of the Supreme Court of the United States upon the 
Knoxville Water Works case, delivered by Mr. Justice Moody,t 

* Of Metcalf & Eddy, Consulting Civil Engineers, Boston, Mass. 

+ Thus Mr. Justice Moody says: ‘‘ The company is not bound to see its property waste with- 
out making provision out of its earnings for its replacement. It is entitled to see that from 
earnings the value of the property invested is kept unimpaired, so that at the end of any given 
term of years the original investment remains as it was at the beginning. It is not only the 


right of the company to make such a provision, but it is its duty to its bond and stock holders, 
and, in the case of a public-service corporation at least, its plain duty to the public. If, however, 


| 
| 
| 
| 
| 
| 
| 
| 
| 
} : 
} 
{ 
| 
| 


443 


METCALF. 


and handed down in January, 1909, gives emphasis to the need of 
practical recognition of depreciation by managers of public-service 
corporations, and will effectually estop hereafter any corporation 
from making claim for the effect of depreciation of its property 
that has failed to earn, through the agency of its rate, a sufficient 
fund to meet this depreciation. 

Exception might be made in the plants which aint not yet passed 
through the formative period, or which, by reason of heavy re- 
construction expenses, have not been able to lay aside a suitable 
depreciation fund without increasing the rates. Such plants may 
have preferred to temporarily suspend the laying aside of a de- 
preciation allowance, in the hope of making good the deficit a few 
years later, rather than to bear the public odium of temporary 
increase in rates. It seems reasonable to assume that a public- 
service commission would take the same view. 

Without attempting a lengthy discussion of this subject, it 
may lead to clearness and be of service to lay down some of the 
principles which should govern us in making depreciation allow- 
ances in valuation, and which should have influence in the opera-. 
tion of a water-works plant. 


DEFINITION AND KINDS OF DEPRECIATION. 


Depreciation may be defined as the loss in value of a structure, 
resulting from wear and tear and other causes not covered by the 
repair and renewal accounts, or from loss in ability, with the lapse 
of time, to meet the demands of the service for which it was designed 
or to which it is being devoted. 

Three broad classes of depreciation have been recognized: 


1. Physical depreciation. 
2. Functional depreciation. 
3. Contingent depreciation. 


Physical depreciation covers the deterioration of the structure 
through wear and tear, or similar causes, which result in its actual 


a company fails to perform this plain duty and to exact sufficient returns to keep the invest- 
ment unimpaired, whether this is the result of unwarranted dividends upon over-issues of 
securities, or of omission to exact proper prices for the output, the fauit is its own. When, 
therefore, a public regulation of its prices comes under question, the true value of the property 
then employed for the purposes of earning a return cannot be enhanced by a consideration of 
the errors which have been committed in the past.” 
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gradual inability to meet the required service, in spite of repairs 
and renewals from time to time. 

Functional depreciation covers the loss in value, growing out 
of the necessity of abandoning the structure, on account of obsoles- 
cence, change in methods of operation, improvement of the art, 
increase in capacity of plant, or other similar causes. 

Contingent depreciation should cover such loss in value of the 
structure as cannot logically be included in the other two items, 
and as shall make possible the gradual distribution, through a 
period of years, of any extraordinary depreciation item incurred 
in a single year, and thus have a steadying influence upon the 
financial operations of the company, relieving it of the burdens 
incident to the violent fluctuations in value which might result 
were such items charged directly to maintenance account. It is 
to be assumed, of course, that these items are properly chargeable 
to depreciation or maintenance, to the end that the capital invest- — 
ment may be unimpaired. Under this classification contingent 
depreciation may include such work as the cost of relocating the 
street mains, growing out of changes in grade or surface of the 
street by the municipality, the construction of subway or conduit 
systems by the municipality (in the case of telephone companies 
the placing of wires underground which had previously been over- 
head), and finally, as a matter of expediency, such major expenses 
as might otherwise be charged to maintenance account, — such 
as those growing out of serious losses from damage done by burst- 
ing mains, due to unforeseen and reasonably unpreventable con- 
ditions, — such as flaws in the material which cannot be determined 
by inspection; electrolysis by stray electric currents, et cetera. 
While it may be urged that such expenses should be charged to 
operation, — or better, maintenance,— we submit that such a 
course of procedure does injustice to the company through causing 
a false impression as to its financial ability to meet the losses, by 
seriously curtailing the annual earnings for the year during which 
the loss was incurred, when the distribution of the losses over a 
period of years, through the agency of such a contingent deprecia- 
tion account, would show no marked affect upon the earnings and 
annual statement of the company. While, so far as the writer 
knows, this question has not been brought before the public: 
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service commissions or the courts for adjudication, it seems proba- 
ble that its soundness will be recognized by them and by all fair- 
minded men who have had business experience or experience in 
the operation of such works. 


DIFFICULTIES OF OBTAINING RECORDS OF ACTUAL DEPRECIATION. 


Specific information as to actual rates of depreciation is unfor- 
tunately limited, and attention is particularly called to a very 
common error in the interpretation of such data as are available, 
which a moment’s reflection will make clear. From time to time, 
data have been published as to the length of life of certain engineer- 
ing structures, — such, for instance, as pumps, — and it has been 


_ inferred from these data that the length of life of the average 


pump might be predicated directly upon. them. Unfortunately, 
however, the data usually do not include a full history of the plants 
under investigation, but merely a record of the machines which 
have actually been thrown out of service, without consideration 
of the machines which are still in useful service. The effect of this 
is to substantially decrease the assumed period of useful life of 
the machine. Fortunately for the property holder, this error 
leads to a conservative assumption as to the period of useful life. 
Under these circumstances, it is clear that only breadth of experi-- 
ence with specific plants, or study of the actual experience of 
these plants, can develop competent judgment. 

The actual rate of depreciation, in any given structure, may be 
exceedingly erratic. Take, for instance, the case of a pump in a 
water-works pumping station. A year after the new machine is 


installed, it is a better machine for the service than it was upon the 


day of its erection, for the reason that not only have flaws in con- 
struction been made good, but the actual wearing parts of the 
machine have come down to a good bearing, so that the machine, 
as a whole, operates with better economy than at the beginning 
of its life. The pump may continue to be substantially as valuable 
to the works for a considerable period of years, until it is outgrown 
in size and a new miachine has to be added to take care of the 
increased service. This pump then becomes a spare machine, 
operated only at times of light load, and has suffered a marked 
depreciation in value because it will not meet all of the demands 
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of the service successfully, although it may assist in increasing 
the economy of operation of the station by making possible the 
shutting down of the new large or larger unit which had to be 
purchased, when the consumption is not sufficient to develop 
good economy in the large machine. The old pump may continue 
in service for many years, reaching a period when it is so small 
as to be of value only as one of several spare machines, when its 
value is very heavily depreciated. 

It will thus be seen that it is practically impossible, as an account- 
ing problem, to attempt to follow the life-history of the individual 
machines or structures making up the water-works plant, and, as 
a practical matter, it is sufficient if there is laid aside, annually, 
from the income from the rates, a fund which will make good, 
from year to year, the losses by depreciation, or which will, in 
other words, replace the old structures, as put out of service, 
without injury to the capital account. If the assumption as to 
the life of the plant as a whole is substantially correct, errors in 
assumption as to the useful life of its component parts are not so 
serious, though substantial accuracy is desirable for its effect 
upon rate making problems or considerations. 


METHODS OF COMPUTING DEPRECIATION FUND. 


Granting that the water works should lay aside an annual 
depreciation account which, with or without its accretions, — 
depending upon the method of raising and maintaining this fund, — 
will be sufficient to maintain in the hands of the corporation monies 
which will enable it to replace each component part of the plant 
at the end of its useful life, thus maintaining the investment 
unimpaired, ‘‘ What method is the most satisfactory for accom- 
plishing this end, — that is, for determining the annual sum which 
shall be contributed to the depreciation fund? ”’ 

Two general methods are in common use, — the so-called 
“ sinking fund”’ method and the “ straight line” method. 

The sinking-fund method, as its name implies, consists in laying 
aside each year, during the period of life of the structure under 
question, a sum which with its annual accretions, compounded 
annually at an assumed rate of interest, will leave in hand, at 
the end of the useful life of the structure, a sum equal to its original 
cost less its scrap value. 
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Owing to the fact that the scrap value of the structure frequently 
is little more than sufficient to cover the cost of its removal, and 
that, in the case of a long-lived structure, the present worth of the 
scrap value would be exceedingly small, engineers have generally 
omitted the correction for the scrap value of the structure and 
have assumed, unless the life of the structure was comparatively 
_ short, that the scrap value was negligible. In the case of very 
short-lived structures, it is better that the cost of the structure 
should be charged off to operating expense, rather than to capital 
account with large annual allowance for depreciation. 
| The straight-line method consists in laying aside an annual sum 
proportioned to the length of useful life of the structure. Thus, 
if the life of the structure be assumed at 30 years, one thirtieth 
of the difference between the original cost of the structure and 
its final scrap value shall be contributed to the depreciation fund 
during the entire life of the structure. The corporation will thus 
have in hand, at the end of the 30-year period of life, a sum of 
money equal to the original cost of the structure. 

Mention might also be made of what might be termed “ the 
individual analysis method of computing depreciation,” for use 
in cases where unusual local conditions or temporary circum- 
stances might be dominating factors. As this method is rather 
in the nature of a modification of the other methods cited than a 
specific method of computing depreciation, no further comment is 
needed upon it. 


Difference between These Methods. 


The essential differences between these two methods of meeting 
the needs of the depreciation account are: 

First, the fact that the sinking-fund method requires not only 
an annual contribution to the principal sum of the depreciation 
account, but that care be observed in the method of accounting 
for this fund, to the end that it may receive annual accretions of 
interest, which accretions with the principal sum and contribu- 
tions will receive annual interest, so that the fund may, in fact, 
be a true sinking fund and enjoy the compounding effect of the 
interest allowances. 

In the case of the straight-line method, no accretions or interest 
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allowances are credited to the fund, — the principal sum of the 
annual deposits being sufficient alone to make up the necessary 
depreciation fund at the end of the useful life of the structure. 
Such earnings, therefore, as may be enjoyed upon the straight-line 
depreciation account should be credited to the general operation 
of the works and not to the depreciation account itself, whereas 
the reverse is the case in the sinking fund method of application. 

Second, and of perhaps greater importance to the operator 
of water works, — particularly of new works, — the sinking-fund 
method requires much smaller annual contributions to the deprecia- 
tion account, and the accretions thereon amount to a much smaller 
sum, during the early years of the life of the plant, whereas in the 
later years the accretions become a very important element, 
rapidly swelling the amount of the fund. It will thus be seen that 
the works are relieved by this method, in the early years of the 
formative period, from a burden which might prove heavy for 
the corporation and the water takers to bear under the straight- 
line method. 


_ CORRECTION OF ERRORS IN ASSUMPTION AS TO DEPRECIATION. 


What, it may be asked, will be the result of errors in judgment 
in the determination of the useful life of the component parts of 
water works? 

If the assumption as to this length of life is too great, obviously 
the depreciation fund will dwindle, and it will be necessary for the 
corporation to gradually increase the annual contributions until 
the fund is again in a normal condition. If, on the other hand, the 
assumption has been too large, the depreciation account will grow 
at too rapid a rate, when the annual rate of contribution should 
be somewhat reduced. It should be noted, however, that the 

life of any one, or, indeed, the life of several component parts of 
the structure, must not be taken as indicative of the assumptions 
as a whole, for the reason that we must, of necessity, deal with 
average rather than individual results. If, on the other hand, the 
structure under consideration is one of large value, and the assump- 
tions have been erroneous, steps might well be taken to correct 
the error as soon as possible. Thus, if the life of a large and expen- 
sive pump should prove to be but three fourths of the assumed 
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life, and the straight-line method of depreciation fund contribu- 
tions had been assumed, there would be in the hands of the corpora- — 
tion, at the end of the life of this pump, but three fourths of the 
original cost of the pump. The capital would thus be impaired 
to the extent of 25 per cent. of the cost of this machine, unless the 
difference be made good from the depreciation fund and steps be 
taken to increase the annual contributions thereto to offset this 
original error in assumption. As to the useful life of the pump, if 
we grant that the management used reasonable judgment in the 
‘purchase of this machine, the investor is entitled to have his 
capital kept inviolate, or unimpaired, even though the machine 
fail to serve its intended purpose for as long a number of years 
as expected. 


REASONABLE ASSUMPTIONS AS TO PERIOD OF USEFUL LIFE OF 


STRUCTURE. 


All of these methods are but aids to judgment. They must be 
applied with care and discretion, and with a clear conception of 
the extent and effect of the local influences or considerations. 
No subject in the engineering field requires larger experience or 


riper judgment. 

While general limits for depreciation in water-works property, 
found under what might be considered normal conditions, may be 
indicated and are submitted herein, the fact that local conditions 
and limitations are likely to have substantial influence upon current 
depreciation in any specific plant must never be lost sight of. 

In determining what constitutes a reasonable annual allowance 
for depreciation in the operation of any water works, we are dealing 
with conditions yet to be developed, requiring foresight as well . 
as ‘“‘ hindsight.”” Hence the hazards and penalties of errors in 
judgment must be weighed. 

Final analysis of the necessary amount of or contributions to 
depreciation fund ultimately resolves itself into a question of 
expediency and standards of the day. It is well to be conservative 
in forecasting the annual needs for depreciation, alike in the interest 
of the public and of the corporation whose funds are invested in 
the plant; for it is easy to charge off or make future abatement 
for an excessive amount earned by the rates and credited to de- 
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preciation account, while it may be difficult later to recover, by 
increased depreciation allowances, earlier deficits caused by failure 
to make adequate allowance therefor. In the long run, failure to 
make ample provision for depreciation, either through failure 
_ to earn it by the rates or to retain it in the treasury for legitimate 
corporate use (not for disbursement in dividends), must inevi- 
tably upon the one hand make capital apprehensive of the sound- 
ness of the management, if not of the project itself (and thus 
lead to demands for higher returns commensurate with the added 
risk, or to flat refusal to go into the project), and, upon the other, 
force the public to meet this demand by the payment of higher 
rates than would otherwise be necessary for the service rendered. 

Cases sometimes arise in which the income of the water works 
may not at the moment justify what appears to be an adequate 
provision for possible or anticipated depreciation, and in which 
questions of expediency — growing out of the desire to avoid the 
public agitation and odium which would follow an attempt to 
increase rates for this reason— may make it preferable to take 
the chances of making good present deficiencies in depreciation 
account by future increments, rather than to raise the water rates 
temporarily. Such action may be justified provided the past — 
financial history of the works indicates clearly that the growing 
net ineome will, with continuity of the existing water rates, in 
_ the near future produce a surplus which will wipe out this deficiency. 
This is particularly true of the allowance to be made for “ contingent 
depreciation.” 

This condition corresponds to that of what might be termed 
the judiciously “ over-built plant,” which is at the end of a 
reformative period, so far as construction or reconstruction of 
the plant (that is, the physical plant) is concerned, and at the 
beginning of a recuperative period so far as the financial condition 
of the plant is concerned. 


Similarly, it may be good judgment, if the water works have 
had an abnormally good business year, yielding an unexpectedly 
large net income, to credit a portion of this excess profit to deprecia- 
tion account or to the amortization of the water-works debt, for 
the relief of subsequent bad years, as would be done under similar 
circumstances by the prudent manufacturer in running his busi- 
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ness. Nevertheless, Justice Moody’s words, in his opinion in the 
Knoxville Water Company case, handed down by the United 
States Supreme Court in January, 1909, leave little room for the 
exercise of judgment in this annual provision of the necessary 
depreciation account allowances. 

In the case of water-works valuation, the difficulty of deter- 
mining the accrued depreciation, while substantial, is not so serious 
as is the difficulty of closely forecasting the future depreciation 
alluded to above. 

Subject to the words of caution referred to above, the following 
approximate figures bearing upon the life of different structures 
entering into a water-works plant are given, as representing 
the general range ascribed to them by competent engineers 
testifying in water-works valuation suits. Knowing the period 
of useful life of a structure, the annual depreciation may be found 
by whatever method best fits the case. It will be well, however, 
to bear in mind the method to be used in figuring the depreciation, 
when estimating the probable life of the structure, if safe or con- 
servative results are desired, — particularly if the sinking-fund © 
method of computation is to be adopted and a high rate of interest 
is to be used in figuring the accretions upon the fund. 

The following diagrams — Plate I based upon the sinking fund 
method and rates of interest of 3 per cent., 4 per cent., 5 per cent., 
and 6 per cent., and Fig. 1, based upon the sinking-fund method and 
rates of interest varying from 23 per cent. to 4 per cent., dependent. 
upon the assumed length of life— will be found of service for rapid 
approximate computation or estimating purposes. Tables 2 and 
3 also give similar data with greater precision. More complete 
information can be had from the ‘‘ Robinsonian Bond and Invest- 
ment Tables,” published by J. Watts Robinson. 

Data concerning formule for the computation of sinking funds, 
etc., are to be found in a paper presented by the writer before the 
American Society of Civil Engineers upon ‘‘ Water-Works Valua- 
tion and Fair Rates,” published in the Transactions of the Am. 
Soc. C. E., Vol. LXIV, 1909, pages 20 to 24. 

An interesting article upon depreciation of contractor’s plant 
was published in the issue of July 15, 1908, of Engineering-Contract- 
ing, in which are quoted the allowances made by MacArthur 
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Brothers’ Company for depreciation upon their plant used in 
the construction of the Cross River dam for the Aqueduct Com- 
mission of New York City, the stated depreciations being monthly 
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allowances. These data are submitted in Table 4, with a memoran- 
dum of the corresponding length of life, by the straight-line 
depreciation formula, and by the sinking-fund method, with 5 
per cent. rate compounded semi-annually. 
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TABLE 2. 


Srnxinc-Funp Data.* 


3] Annuat ConTRIBUTIONS TO SINKING FUND IN PERCENTAGE oF First Cost, wiTH 
DirFreERENT AssUMED INTEREST RATES UPON SINKING Funp ACCUMULATIONS. 


Variable.t 
(4 Per Cent.| Straight- 
2 Line 


3 Per Cent. | 4 PerCent. | 5 Per Cent. 6 Per Cent. to 24 
Per Cent.) | Method. 


Years. 


SSSSS SOSSS Negro 


10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 


SESAS 
BESRS 


__» * Nore. — Deposits at end of year, p ly 
¢4 Per Cent. Sinking Fund rate for 0 to 14 years life inclusive. 
» 15 to 19 
» 20 to 25 
» 26 to 35 
+» 36 to 55 
» 56 to 75 
» 76 up, 


= 
| | | 
18.8355 18.4627 18.0975 17.7396 
8.7231 8.3291 7.9505 7.5868 oe 
5.3767 4.9941 4.6342 4.2963 
3.7216 3.3582 3.0243 2.7185 
2.7428 2.4012 2.0952 1.8227 oe 
2.1019 1.7830 1.5051 1.2649 e 
1.6539 1.3577 1.1072 0.8974 oe 
1.3262 1.0523 0.8278 0.6462 — 
1.0785 0.8262 0.6262 0.4700 a 
0.8865 0.6450 | 0.4777 0.3444 =. 
0.7349 0.5231 0.3667 0.2537 oe 
0.6133 0.4202 | 0.2828 0.1876 ae 
0.5146 0.3390 | 0.2189 0.1391 
0.4337 0.2745 0.1699 0.1033 
0.3668 0.2229 | 0.1322 0.0769 eS 
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TABLE 3. 


APPROXIMATE AGE IN YEARS AT Maturity OR Enp or Lire or Structure, 
wita DirrERENT AssuMED INTEREST RATES UPON 
AccUMULATIONS. 


In Per Cent. 


Variable.* 
4 Per 


3 Per Cent.| 4 Per Cent.) 5 Per Cent.| 6 Per Cent.| Gent. to 
4 Per Cent.) 


2 
2 
3 
3 
4 
5 
6 
7 
8 
9 


97 years 
83 


*See note at foot of Table 2. 
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TRIBUTIONS 

Founp. 
4 | | | | | Straight- 
Line : 
Method. 
| | 

a 3 87 years | 72 years | 62 years | 55 years 400 years 
66 ” 56 ” 49 ” 44 ” 69 ” 200 ” 
59, 51 ,, 45 ” 41 ” 62 ,, 160 ” 
ae i 54 ” 47 ” 42 ” 38 ” 54 ” 133 ” ; 
i a t 50 ” 44 ” 39 ” 35 ” 50 ” 114 ” - 
41 ,, 37 Cy, 33, 30 ,, 41 , 80 ,, 
37 33, 30, 28 37, 67 
34, 30, 28, 26, 34 
27 24, 23, 21 ,, 25, 40 ,, 
a 23 ” 22 ” 20 ” 19 ” 22 ” 33 ” : 
21 ,, 19 ,, 18 ,, 7 ,, 20 ,, 28 
19° ,, 7 7 ,, 16 ” 18 25», 
ae 16 ” 15 ” 14 ” 14 ” 15 ” 20 ” : 
ae 14 ” 13 ” 12 ” 12 ” “13 ” 17 ” 

ae 12 ” 12 ” 11 ” 11 ” 12 ” 14 ” , 
ll ,, 10 ,, 10 ,, 10 ,, 11 
10 9 » 10 ,, ll ,, 
= 15 6 ” 6 ” 6 ” 6 ” 6 ” 7 ” 
: : 20 5 ” 5 ” 5 ” 5 ” 5 ” | 5 ” 
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TABLE 4. 


Monthly recia- ‘ .- |Corresponding Life in Years 
tion. Rate allowed |,Comesponding L-ife | “hy Sinking Fund Method. 
by Contractors. line h t-| Per Cent. Compounded 
Per Cent. ine Method. Semi-annually. 


Locomotives, cars, tracks, ex- 
cavators, machinery, etc... 6.5 


3} 


Boats, scows, etc. ......... 2. 
Office furniture 3 € 6.5 
Real estate 12} 


Scrapers, wagons, etc., horses, 


In this connection it may also be of interest to allude to the fact 
that Metcalf & Eddy, in reporting to the Boston Finance Commis- 
sion in 1908 upon the cost of machinery and fair rental therefor, 
fixed, as an extreme monthly rental, 5 per cent. of the cost of the 
machinery, assuming that in the case of the larger machinery, 
which would be likely to have longer life, the rate should be 
correspondingly reduced. 

The average length of life of water-works plants depends upon 
many factors. Broadly speaking, from 40 to 60 years probably 
- represents the usual range of life of the structures, except in the 
case of very rapidly growing towns or cities. 

The Wisconsin Public Service Commission, in a recent opinion 
upon the value of the Fond du Lac, Wis., water works,* gives the 
average life of the different water-works plants examined by it 
to date as 65} years. 

The United States Commerce and Labor Bureau, in its Special 
Report upon “ Statistics of Cities having a Population of over 
30 000,” in which are included some valuable water-works 
statistics, assumes a fifty-year period of life, corresponding to a 
2 per cent. annual rate of depreciation upon the straight-line 
method of computation, but applies this to the present value of the . 
plant. (If the going value and franchise value are included in the 
“present value of plant,’’ this is more nearly equivalent to a 3 

per cent. annual allowance for depreciation, based upon the repro- 


* See page 275, Engineering Record, Vol. LXII, September 3, 1910, 
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duction cost upon which depreciation is usually figured, and would 
correspond in the above cited tables to an. approximate period of 
life of 33 years, which is too short a life for average conditions.) 
Technically, the depreciation should be based upon the cost of 
the plant, though it may be applied as a per cent. of present value 
or gross annual income, for convenience, if errors of assumption 
be adjusted at intervals of 5 years more or less. 

The total allowance to be made for depreciation, including 
contingent depreciation, will probably vary between limits of 
1 per cent. and 2 per cent. per annum of the reproduction cost of 
the property, though in many cases it may lie even beyond these 
limits. Data are scarcely sufficient at the present time to fix the 
proper allowance for contingent depreciation with a reasonable 
degree of accuracy. It seems reasonable to anticipate, however, 
that an allowance of not less than one fourth of 1 per cent. per 
annum upon the sinking fund basis should be provided, and in 
many cases — perhaps in the majority of cases — this allowance 
will prove inadequate. In this connection it may be of interest 
to cite the experience of the Knoxville Water Company, the plant 
of which in a period of 17 years showed an average annual rate of 
depreciation, exclusive of proper allowance for repairs and renewals, 
of 2.12 per cent. 

Owing to the variation in the amount of the gross income of 
water works, as compared with their cost or value, the depreciation 
thereon, expressed in percentage of the gross income, is corre- 
spondingly variable. Broadly speaking, however, it may be said 
that the depreciation is likely to amount to 10 per cent., more or 
less, of the gross annual income of the works. 

Thus, if we assume a plant having a value of $5 000 000, a 
gross annual income of 10 per cent. thereof, or $500 000 per year, 
and a depreciation of 1 per cent. thereof, or $50 000 per year, the 
depreciation will amount to 10 per cent. of the gross annual in- 
come. Assuming value $500 000, gross annual income 12 per cent. 
equals $60 000, depreciation 1} per cent. equals $6 250, the depre- 
ciation would amount to 10.4 per cent. of the gross annual income. 
Assuming value $50 000, gross annual income 16 per cent. equals 
$8 000, depreciation 14 per cent. equals $750, the depreciation 
would amount to 9.4 per cent. of the gross annual income. 
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How many of you gentlemen, as water-works superintendents, 
are charging off 10 per cent. of your gross annual income to de- 
preciation account, unless you are doing it through the agency of 
a sinking fund to retire the outstanding bonds upon your works? 


RATES OF INTEREST TO BE ALLOWED UPON SINKING FUND 
DEPRECIATION ACCOUNTS. 


In the ‘straight-line method of computing annual depreciation 
allowances, no question of interest rate is involved, as the fund 
is not supposed to enjoy any accretions. Not so in the sinking- 
fund method, which is founded upon the assumption that the 
fund shall draw annual interest accretions. The interest rate to 
be allowed in figuring the annual accretions to the sinking fund 
of the depreciation account is, therefore, of prime importance, 
having substantial effect upon the annual contributions to the 
fund (in principal sum and accrued interest earned upon it). 

In the eastern part of the United States two general theories 
have found application, first, that the depreciation sinking-fund 
allowance should be based upon a low rate of interest allowance, 
such as 4 per cent., commensurate with reasonable safety; — 
second, that it should be based upon a 5 per cent. or higher rate, 
commensurate with the rate of interest paid upon the company’s, 
bonds or debt, upon the theory that the depreciation fund should 
be invested in the company’s plant, or be applied to the retire- 
ment of its bonds or the amortization of its debt. 

In the Middle West a theory was developed by Messrs. George 
H. Benzenberg and Benezette Williams, in the Sheboygan, Wis., 
water-works valuation suit, in the year 1900, and has since found 
application in the Omaha, Neb., Peoria, Ill., Des Moines, Ia., 
Flint, Mich., Mobile, Ala., and other cases, based upon a variable 
rate of interest (from 23 per cent. to 4 per cent.), dependent upon 
the assumed length of life of the structure,—the lower rate corre- 
sponding to the longer life. This theory has much to commend 
it, not only on account of its conservative effect, but because it gives 
practical recognition to the fact that the future is inherent with un- 
certainty and that the banker will be unwilling to allow as high a 
rate of interest upon a sinking fund of long life as upon one of short 
life for which future conditions can be more accurately forecasted. 
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RELATION BETWEEN INTEREST RATE AND HAZARD. 

In the final analysis, however, it makes no difference which 
method is adopted, provided the plant, be permitted to earn, through 
the agency of its rates, a profit upon its total value or property 
truly commensurate with the risks of the business, including in 
the latter a consideration of the provision for depreciation. If 
the depreciation allowances are too small, the risk of losses result- 
ing therefrom is correspondingly increased and the plant must be 
allowed to earn a higher return or profit; if the depreciation allow- 
ances are evidently liberal, conservatively figured, the equitable 
return to be allowed upon the property is clearly smaller. The 
relative division of return from equitable rates between deprecia- 
tion allowance and profit is at issue between the bondholder and 
- the stockholder, rather than the consumer and the company, 
and the settlement of the question is reflected in the relative 
value of the bonds and the stock rather than in the rates, 


RELATIVE DESIRABILITY OF THE SINKING FUND AND STRAIGHT- 
LINE METHOD OF FIGURING AND MAKING PROVISION FOR 
DEPRECIATION. 


The sinking-fund method is believed to comport more closely 
with the life history of a water-works plant than the straight-line 
method. -From the operator’s point of view, it has the merit of 
smaller depreciation account requirements during the early years 
of the formative period when the new plant is acquiring its busi- 
ness, due to the compounding effect of the interest accumulations 
in the later years of the plant’s life. From the consumer’s or public 
point of view it has the advantage of tending to equalize rates 
during the life of the plant, decreasing the burden to be met by the 
rates in the early years of few consumers and increasing with the 
growth in demand for water. 

From the accountant’s point of view the straight-line method 
is much to be preferred on account of its greater simplicity in 
application and freedom from the necessity of accounting not 
only for the annual contributions to the principal of the sinking 
fund, but also for the accretions thereto to cover interest allow- 
ances. The corrections, from time to time, for errors in assumption 
as to depreciation allowances are also simplified. 
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On the other hand, the two methods are interchangeable or 
convertible, and the equivalent annual straight-line contribution 
for a period of 5 years, for instance, corresponding to the sinking- | 
fund method requirements for a like period, may readily be 
figured and thereafter more easily be applied. As previously 
stated, it is desirable to check up the depreciation account 
allowances with the property valuation and to examine the fair- 
ness of the rates at intervals of not over 10, and preferably 5, years. 


THE RELATIVE DESIRABILITY OF DISTRIBUTING THE DEPRECIA- 
TION ALLOWANCES AND CHARGING THEM OFF FROM THE 
SEVERAL ACCOUNTS INVOLVED OR OF CARRYING THEM IN ONE 
MAJOR ACCOUNT. 


Whether it is preferable to distribute the depreciation allow- 
ances or carry them in one account will depend upon the book- 
keeping methods employed and the conditions under which the 
works are operated. 

One general account shows, at a glance, the adequacy of the 
provision made for depreciation. It may be a menace and object 
of unjust attack, however, at the hands of the political demagogue 
or inexperienced critic. With the public service commission in — 
control, or a fair-minded public, no such result should follow. 

The annual distribution of the depreciation allowance has, on 
the other hand, the advantage of making the several accounts 
show correctly upon their face the book value of each structure 
or group of structures and is preferable upon this account, though 
it makes the checking of the depreciation account more laborious. 


DESIRABILITY OF SEGREGATING CONTINGENT DEPRECIATION FUND 
FROM PHYSICAL AND FUNCTIONAL DEPRECIATION FUND. 


It is exceedingly desirable to account for the contingent deprecia- 
tion fund separately from the physical and functional depreciation, 
not only that the necessary amount may be the more accurately 
determined, but that when this fund has reached what may appear, 
or later be determined to be, a reasonable amount, no further 
contributions should be made to it until substantial draft be made 
against it, reducing the remaining balance below a safe figure 
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or provision. The fund will, moreover, then be subject to annual 
review by the governing board of the works. 


SINKING FUND AS A SUBSTITUTE FOR DEPRECIATION. 


As a matter of fact, while few municipalities have recognized 
this depreciation, or perhaps even considered the underlying 
theory of it, they have, in effect, made allowance for it in the 
sinking-fund provisions of the bonded debt; and it may be added 
that the sinking-fund requirements have usually been in excess 
of the necessary allowance for depreciation, as a result of the 
assumption of a shorter life for the bonds than the actual life of 
the structures covered by them, though, perhaps, there is a tend- 
ency to-day to issue longer-term bonds, the terms of which in 
some cases exceed the probable life of the structure. This practice 
is to be condemned unless the sinking-fund requirements correct 
this evil; even then this practice appears illogical. 


RENEWALS. 


Engineers are somewhat divided in opinion as to the necessity 
of charging off to depreciation any portion of renewals involving 
a betterment of the service. Some contend that renewals involv- 
ing betterments of service — there being no difference of opinion, 
of course, in regard to renewals which are mere replacements of 
existing structures — should be charged in part only to construc- 
tion; or, in other words, that the value the original structure 
not previously written off in depreciation ; nould be deducted from 
the construction account simultaneously with the addition to it 

_of the increment of value in the renewal represented by the better- 
ment of the service; while other engineers contend that the entire 
_ cost of the element of the renewal representing the betterment of 
the service should be charged to construction account, without 
any deduction on account of the remaining value in the original 
structure which has been sacrificed or lost, upon the theory that the 
betterment is demanded by increased business or larger require- 
ments, and that hence the new business should carry the entire 
burden of the larger debt thus created. To take a concrete ex- 
ample, let us suppose that the growing needs of a community 
necessitate the relaying of a 6-in. pipe with a 12-in. pipe. Upon 


& 
: 


462 DEPRECIATION IN -WATER-WORKS OPERATION. 


the first theory, the water-works company would be entitled to 
charge to construction account only the difference between the 
entire cost of the 12-in. pipe and the remaining value (i. e., not 
yet written off) in the 6-in. pipe, the rest being charged to renewals 
in offset to depreciation; upon the second theory, the entire cost 
of the 12-in. pipe might be charged to construction account upon 
the theory that the 6-in. pipe was still adequate to meet the re- 
quirements for which it was laid, and that the larger main was 
required by the greater demands of added business, which should, 
therefore, carry its entire cost. Furthermore, say exponents of 
the second theory, the saving in interest upon the smaller original 
structure during its life, as compared with the larger structure had 
it been built, has more than covered the cost of the smaller struc- 
ture; to which it is replied that this fact has no significance 
beyond pointing the limits of rational design. 

Certainly the first theory is the more conservative, and safer 
from the point of view of the bondholder or owner of the property. 


PLEA FOR BETTER RECORDS. 


In conclusion, the writer reiterates his plea to you superin- 
tendents of water works for more complete records of deprecia- 
tion or life history of the different structures making up your own 
water-works plants. There is urgent need of them. Partial 
records, — that is, records of failure, — while of substantial value, 
are difficult of interpretation and often misleading in character. 
What we need is reliable records of the full history of your plants, 
the records of long life and useful service as well as of early failure 
or abandonment for special cause. 

A committee of the American Water Works Association, of 
which the writer chances to be chairman at present, while Mr. 
John W. Alvord, of Chicago, the original chairman, is: serving his 
term as: president of that association, has already been at work 
upon this subject for nearly two years and has accumulated a 
considerable amount of data. It would welcome any further con- 
tributions which you may be willing to make to its investigation 
of this very important and interesting subject. 
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‘DISCUSSION. 


Mr. Artuur A. Remer.* I should like to ask Mr. Metcalf 
whether any of the data on this subject accumulated by his com- 
mittee indicate that the method of handling depreciation by a 
direct charge to the maintenance account has resulted in any 
heavy drains on the financial resources of the municipality or 
private company, so heavy as to cause inconvenience or demorali- 
zation. I ask this question because it is our practice not to con- 
sider depreciation as a separate account, but to handle all such 
charges through our maintenance account direct, and we have 
never been embarrassed in any way, nor inconvenienced, though 
we have had some heavy renewals and heavy replacements along 
with what might be called our normal maintenance expenses. 
We have never felt that it was at all out of the way for us to care 
for this depreciation item through our maintenance account. 

Mr. Metcatr.. I don’t know that I can answer that question 
satisfactorily. I believe it is a fact that very few water works, 
whether publicly owned or privately owned, have made a practice 
of charging off depreciation as such. All works substantially 
have taken care of repairs and renewals through a maintenance 
account, or through an operating account, to a greater or less 
extent. Now if your provision in this particular case has been 
sufficient from year to year, or in the aggregate, to meet the actual 
depreciation in the plant, I cannot see that you would suffer any 
embarrassment by charging off a certain sum annually to a de- 
preciation account and crediting it with the work which you had 
actually done. That is a mere matter of bookkeeping. If, on 
the other hand, your appropriations for this purpose have not been 
adequate and you were to make them adequate, it might embarrass 
you. I don’t know what your gross income is, or what funds you 
have available. 

In other words, as I understand it, you say in substance that 
you have merely taken care of renewals from time to time out of 
current income as an operating charge or as a maintenance charge 
or renewal charge, or whatever you may have called it. You 
have not charged it’ to new construction; you have not issued new 
capital against it. Now, if the renewals in the aggregate have 


* Engineer and Superintendent Water Department, East Orange, N. J. 
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equaled the depreciation in the aggregate, your works have lost 
nothing, and the capital has not been impaired. If, on the other 
hand, the renewals are not equal to the actual depreciation, there 
will come a time when, unless you lay aside an additional fund 
between now and then, you will find your capital has been 
impaired. 

Now, it seems to me that the only way in which you.can tell 
whether the works are in sound condition is to have some means 
of following up your actual allowances for depreciation, with 
the actual records of the plant as to depreciation, in order to 
determine whether you are taking care of your capital, or have 
been dividing your capital in dividends, if you have paid any. 
That, it seems to me, is the thing which you have got to be exceed- 
ingly careful of, in the light of the Knoxville decision, because the 
Supreme Court virtually says to you that if you haven’t to date 
taken care of the depreciation, you cannot collect it in the future. 
The sum which you have failed to collect is lost. As I have said, 
I think that the court would recognize the condition of a new 
plant, which had not had the opportunity to lay aside a fund, or, 
indeed, of an old plant which had just been put to the expense of 
reconstruction. I think some leeway would be granted there. 
Take the case of New York, which at the present time is putting 
millions of dollars into new construction, a lot of which is designed 
to meet future conditions. It would be unreasonable, in my 
judgment, to require them to earn, a year after that construc- 
tion, a sufficient depreciation account to take care of it. Ina 
period of years after that, however, they must do so; only it is 
less burdensome to the public, as I view it, to give them a longer 
period of years in which to distribute that depreciation allowance 
than to require them to take care of it at a certain specific rate 
beginning immediately after the new construction. The same 
thing happened in Cincinnati with its new construction work, 
and I might cite example after example. 

In other words, almost all, works go through certain phases. 
After the works are established and are under good operating con- 
ditions, the rates may be assumed to be avequate for the service 
which is being rendered. Gradually the service becomes in- 
commensurate with the rates; I mean to say, perhaps the supply 
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is not as large as it should be, and the service does not meet the 
standards of the day. Then comes a period when the works 
earn really too much money on the service which they are furnish- 
ing; or, to put it another way, the service is not quite adequate. 
Then you come to a point where the company has to make large 
additional capital expenditures, and the works go again through 
a reconstruction period, as it were, when the rates are not ade- 
quate to the additional capital expenditures which have been 
made. But, taking a long period of years, the average may be 
all right. I think the court will recognize that. I think it would 
not be to the public’s interest to demand that the rates should be 
changed from year to year; they must be settled for certain 
periods. 
_ Now, trying to address myself to your problem directly, I do 
not think that as a matter of fact most water works have laid 
aside a depreciation fund as such. Many of them have had sink- 
ing funds to take care of their bonds, but, as I have said, in many 
of those cases the bonded debt is less to-day than the value of the 
works. In other words, they have done more than to take care 
of the depreciation in the plant. Others have not done that, and 
have suffered accordingly. 

Mr. Remer. It was along the line of sinking-fund matters 
that I was thinking when I raised the point of treating deprecia- 
tion through the maintenance account. Using as a basis the 
average life of the water bonds that have been put out by the 
majority of the municipalities or private companies during the 
past twenty-five or thirty years, if a properly figured sinking fund 
has been provided we find that the structures for which the bonds , 
were issued have been paid for through the sinking fund well 
within the life of these structures. It is only within the past few 
years that we have a tendency to issue bonds of longer term than 
in previous years. I think you mentioned that fact and I think 
that you are right in the statement. This tendency will pro- 
bably be more marked from now on, and is due to the fact, as I 
see it, that we have greater knowledge of the life of structures and © 
perhaps a higher sense of responsibility in regard to financial 
matters. Certainly this is the case in the eastern part of the © 
country. I am not familiar with western practice. 
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In regard to the question of charging a portion of renewals to 
the capital or permanent properties account, I feel that any de- 
partment charging the entire cost of renewals to this account 
should be condemned. That portion of the cost of renewals which 
represents the actual increment of value is properly chargeable 
to the permanent properties account. I can see no good way of 
explaining why the entire cost of renewals or enlargements should 
be so charged. If we replace a 6-in. main with a 12-in. main and 
take out the 6-in. main, which often occurs, there certainly can 
be no question of adding to the permanent properties account 
only the increment of value due to the larger main. If, on the 
other hand, the 6-in. main be left in place, then I agree that the 
whole cost of the enlarged main is properly chargeable to the 
permanent properties account. This subject has been argued 
in my hearing by various men, and some of the arguments offered — 
in favor of putting the entire value of the larger main into the 
permanent properties account where a smaller main is actually 
removed, using that as an illustration, are entirely fallacious, to 
my mind. The subject is one that is worthy of more thought and 
consideration on our part, and the work being done by Mr. Met- 
calf and his committee should be of large benefit to us in reaching 
a conclusion on these matters. 2 

Mr. Metcatr. Answering your last statement, I think there 
is much to be said for your point of view. Of course the chief 
argument which the advocates of the theory which you are con- 
demning bring forward is this: that the 6-in. pipe was put in, in 
the case you cite, when under the conditions an 8-in. pipe might 
have been put in; that they put in a smaller pipe with the idea. 
" of replacing it later, and that they have saved, therefore, in in- 
terest charges enough to make good that difference in cost. The 
argument does not appeal to me very strongly, but that is their 
ground for that view, I think. It lends color to it, at all events. 

Mr. H. McKenziz.* Mr. President, there is one 
matter in connection with depreciation which it seems to me that 
Mr. Metcalf did not cover. Many of the water works in the 
eastern states are gravity works; I noticed that he did not mention 
the matter of depreciation of dams and reservoirs. For instance,. 


* Engineer Connecticut State Board of Health. 
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in the works with which I am connected the reservoirs cost fully 
40 per cent. of the entire cost of the works. The water is im- - 
pounded by earthen dams which are fully as good to-day as when 
they were built, twenty-seven years ago. The life of such reser- 
voirs is almost indefinite; it ought to be considered as not less 
than one hundred years. 

Another matter is the water rights; that is, the right to divert 
water from mill owners and from other users of water. For in- 
stance, water rights for the works with which I am connected were 
settled in 1883 for $5 000. In 1896 I had occasion for an adjoin- 
ing city to settle similar water rights, and we were obliged to pay 
about $33 000 for about two thirds the area of shed settled for 
in 1883. The probabilities are that to-day the same water rights 
are worth much more than they were in 1896. Nearly all the 
water rights in that vicinity are taken up by some city, so that 
they must be considered of considerable value. The items of 
reservoirs and water diversion have increased in value more than 
the pipe system has depreciated. ; 

Another matter which occurred to me: When many of the 
water works in the eastern states were built, from 1870 to 1890, 
pipe was worth $40 a ton, —in some places $42 to $45 a ton. 
To-day the cost of pipe is from $20 to $23 a ton, and there is not 
much probability of the price going higher. Ido not know how Mr. 
Metcalf would consider the matter of depreciation with reference 
* to pipe, which then cost $42 a ton and now is worth $22, whether 
he would provide a sinking fund to pay the cost of renewal of 
the pipe or to cover the original cost of the pipe, or what he would 
consider the depreciation or appreciation in the value of the water 
rights of dams and reservoirs. 

Mr. James L. Tiaue.* I would like to ask if any of the mem- 
bers here are aware of any municipality which has established a 
depreciation fund for taking care of these things. 

THE Presipent. I think, Mr. Tighe, that there are a great 
many cities which have a sinking fund to provide for the payment 
of the bonds. 

Mr. TicHe. I mean a sinking fund in connection with the 
depreciation. 
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Preswwent. It amounts tothe same thing. - 

Mr. Ticue. I do not think so, Mr. President, as a sinking 
fund formed for the payment of debts of no specified amounts, 
and anticipated only, must be different from a sinking fund formed 
for the payment of a specified debt already incurred, such as a 
bonded debt. 

In the state of Massachusetts the legislature does not favor 
giving permission to borrow money now except on the serial bond 
basis, so that the old and very useful long-term sinking fund has 
practically been abolished in Massachusetts. 

Mr. Epwarp 8S. Cote.* It seems to me there is such a thing as 
depreciation by leakage. For example, in Chicago the Bureau 
of Water Surveys, which it was my pleasure to start some years 
ago, has recently reported, as the result of district measurements 
covering a considerable area of the city, that only one third of 
the total pumpage in Chicago is used by consumers, one third is 
wasted at leaky fixtures, and one third is lost underground. Such 
a distribution system has depreciated very greatly by reason of 
its excessive leakage and waste, thus increasing the cost of opera- 
tion not only in pumping expense, but in interest account for 
extensions made necessary to maintain adequate service in spite 
of leakage. 

When such a system is to be purchased by a municipality it 
would seem that its value as a revenue-producing property is 
somewhat impaired. It costs too much to buy and too much to 
operate. 

In my own opinion, this depreciation by leakage is represented 
by far more than the cost of making the system reasonably tight, 
and the exact method by which it receives its proper allowance in 
the valuation of water-works plants should be carefully considered. 

Mr. Wriuiam F. Sutiivan.t Mr. McKenzie spoke of the 
appreciation of water rights, of land values, and of the increment 
from other sources. This increased value of water rights with no 
monetary appreciation often becomes a burden on a water com- 
pany with a fixed income, and as often a city or town exacts ad- 
ditional taxes for the increased valuation. My point is, that such 
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appreciation is not tangible, and money cannot be readily realized 
or obtained from such increase, and that you cannot from such 
increment lay water pipes, build dams, or install pumps, for the 
increased value is only on paper so far as a water works in con- 
cerned. Looking at appreciation from this point of view, it often 
is more of a liability than an asset, and does not always offset 
depreciation. . 

Mr. Emit Kuicuuine.* Every private corporation that is 
about to be appraised for municipal ownership finds out that 
depreciation is a real and practical thing, and in most cases it 
becomes the cause of serious dispute. The representatives of the 
city usually call for a depreciation of much higher percentage than 
an expert would think of allowing. If one company is to be bought 
out by another, it also figures very seriously. 

The great trouble is that we have so few reliable data. When 
called upon to exhibit the actual observations upon which we fix 
our rates of depreciation, the showing is generally unsatisfactory. 
Most of our data are of comparatively ancient origin, and are not 
based upon the apparatus and materials used at the present time. 
On searching the literature of the subject, it will be found that 
many of the figures are based on mere opinions, expressed many 
years ago before some commission or tribunal, and have been 
carried along by a variety of authors without any alterations 
founded on later experiences. This fact serves to emphasize Mr. 
Metcalf’s strong appeal for a new set of figures. When these be- 
come available the subject will be on a much better basis than it 
is now. 

A movement of this kind was started about twelve years ago 
in the American Water Works Association, and resulted in the 
publication of some valuable statistics about American pumping 
engines and boilers by Mr. John W. Alvord in 1903. It is to be 
hoped that this good work will soon be extended by the presenta- 
tion of similar data, relating not only to pumping engines and 
boilers, but also to standpipes, reservoirs, conduits, distributing 
pipes, valves, hydrants, buildings, and all other details of a water- 
works plant. 

Mr. McKenzie. I want to add one word with reference to 
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the methods considered by Mr. Metcalf, if applied to the valua- 

tion of a water works. A water works which has a good water 
supply has presumably been extended on the lines where the 
population has increased so that there is a large number of people, 
probably ten times the population that were on the lines of the 
system when it was first built; and that matter should be taken into 
consideration in estimating the value of the works. That is, if 
it is a good going concern, and has a good water supply fed by 
gravity, it should be considered with reference to its earning capac- 
ity as well as with reference to the depreciation of the plant. 

The ‘earning capacity of the works is a larger factor in deter- 
mining the value of a water works than the actual cost price of 
reproducing the plant. 

Mr. Mercatr. Mr. President, in answer to some of the ques- 
tions which have been put to me, —I think I did refer to the 
depreciation allowance upon reservoirs, and put the life from 
fifty to one hundred years; and dams would, perhaps, come under 
the same general category. What Mr. McKenzie says about 
reservoirs I have no doubt is true. There is, however, this con- 
sideration which should not be overlooked, — that in the case of 
reservoirs functional depreciation may become an important 
element. That is, the growth of the community may require 
getting new sources of supply, which will make the old smaller 
sources of comparatively little value to the works. Under those 
circumstances I think he would agree that the reservoirs which 
he has to-day would have a less value to the works. If there is 
any fall in value through depreciation, then the cost, the capital, 
I submit, is entitled to be protected, and it should be taken care 
of through the agency of the rates, whatever method of account- 
ing may be used, whether you take care of it through a sinking 

_fund or a depreciation account. 

Mr. Tighe has, I think, put the case clearly, and the President 
in answering him, that the majority of communities do not write 
off depreciation as such, but they have sinking funds for their 
bond issues, which more than take care of the depreciation. If 
you will examine the government statistics, which have been 

printed in the report to which I referred, in the years 1905, 1906, 
and 1907, which are now available, you will see that in a majority 
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of cases the value of the works as reported by them is probably 
considerably less than a true valuation of the plant. That simply 
means that the additional cost has been taken care of in the past 
through a sinking fund. 

As to the question of water rights which Mr. McKenzie has 
raised, I think he has ‘answered his own question. They appre- 
ciate generally rather than depreciate, consequently their writ- 
ing off would be by way of lessening the depreciation allowance 
which must be made upon the entire plant. In a consideration 
of value, of course the water rights must be considered. I have 
not attempted to go into the question of valuation of works or 
the bearing of the depreciation question upon that value, because 
it is a very large subject, and it seemed to me that depreciation in 
itself was a large enough problem to present to you at this time. 
In general, and answering Mr. McKenzie’s question, it seems to 
me that in the light of sound public policy the rates should take 
care of whatever loss in value there may be in any given period 
of years through depreciation. If the works have not earned it 
in the past, as I interpret the recent opinion of the Supreme Court 
of the United States in the Knoxville Water Company case, they 
cannot hope to earn it through the agency of rates in the future. 
Provision must be made for it substantially from year to year. 
But the opinion of the Supreme Court certainly does warrant their 
collecting an adequate fund in the future to take care of the 
depreciation. 

Answering Mr. Cole’s question, it seems to me that the subject _ 
relates rather to the operating expenses of the works than to any 
question of depreciation. As he has rightly said, the additional 
pumpage of water resulting from the leakage has served to swell 
the operating cost, and probably the maintenance cost, of the 
works. Now, it is to be assumed that the rates which have been . 
earned in the past were predicated upon the existing conditions 
of operation, including these allowances. If in the future our 
standards of water-works practice should be raised, and money 
can be saved on that score, certainly it should be recognized in the 
rates. And in saying that I do not think that the company is 
entitled to the full enjoyment of saving in that direction. As to 
the effect of the fall in cast-iron pipe from $40 or $50 or $60 to 
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$25, again I would say that the capital invested in the plant at 
the time that cast-iron pipe was selling for $40 or $50 or $60 is 
entitled to protection, and if we see falling markets, if we know 
that the price of cast-iron pipe in any period of years is likely to 
decrease, we are justified in so proportioning the rates as to take 
care of that loss in value. It is only by doing that that you can 
get capital to go into projects of this sort, and it is for the public 
good that it should be done. 

THE PRESIDENT. It seems to me that this is an oportune time 
to mention a conference which was held in Washington last May 
on uniform accounting for water works. At this conference, 
called by Dr. Powers, statistician of the census, there were present 
representatives from the American Water Works Association, the 
New England. Water Works Association, the Certified Public 
Accountants Association, the Public Service Commission of Ohio, 
the Interstate Commerce Commission, and some other public 
commissions. There was drawn up a system to recommend for 
accounting by water works, and of course this question of de- 
preciation was much discussed. This report, I think, will later 
be published by the census, in what form I cannot tell you, but 
I think it is to be published in serial form by the journal of which 
Mr. Muller, of the Interstate Commerce Commission, is editor. 
It is called The Government Accountant, and is published at 425-429 
Bond Building, Washington, D. C. I think that those of you 
who are interested in this subject will find much there of interest. 
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MEMORANDA RELATIVE TO THE CITY OF 
ROCHESTER. 


BY EDWIN A. FISHER, CITY ENGINEER, ROCHESTER, N. Y. 
[Read September 24, 1910.] 


The city of Rochester is situated in the county of Monroe, state 
of New York. The center of the city is about 7 miles south of 
Lake Ontario. The central portion of the city is about 260 feet 
above mean lake level and 510 feet above mean tide water. 

The Genesee River flows through the city from south to north 
and has an aggregate fall of about 257 feet within the city limits. 
There are three principal falls within the city: the Upper Falls, 
of about 100 feet, near the New York Central & Hudson River 
Railroad; the Middle Falls, of about 25 feet, and the Lower 
Falls, near the northern portion of the city, of about 100 feet. 

The Genesee River has a watershed of about 2 500 square miles. 
The flow ranges from a minimum, during the dry months, of from 
150 to 200 second feet to a maximum flood of from 35000 to 
45 000 second feet. The water power of the river is utilized, very 
largely, by the Rochester Railway and Light Company. 

The Erie Canal, passing through the city from west to east, 
was originally an important factor in its development. At the 
present time, however, the presence of the canal within the city 
limits has interfered with the development of certain portions 
of the city. The state is now constructing what is known as 
the “‘ Barge Canal,” which will take the place of the Erie Canal. ° 
Its location is about three miles south of the center of the city, 
passing through the Genesee Valley Park. 


SEWERAGE. 


We have within the city limits about 260 miles of sewers, all 
of them at present emptying into the Genesee River. Plans have 
been prepared, and are now before the state commissioner of 
health, providing for an intercepting sewer to take the sewage 
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out of the river to a purification station located near the shore 
of Lake Ontario and about two miles east of the Genesee River, 
where, after passing through the purification plant, the effluent 
will be discharged into Lake Ontario at a distance of about 7 000 
feet from shore, into water 50 feet deep. 


PAVEMENTS. 


We have about 350 miles of streets, of which about 190 miles 
are improved as follows: 

About 65 miles of asphalt, 

15 miles of Medina block stone, 

19 miles of common Medina stone, 

45 miles of brick, 

43 miles of macadam or gravel, and 

3 miles of miscellaneous. 

The pavements, sewers, and other similar improvements are con- 
structed under what is known as “ local improvement ordinances.” 
These ordinances provide, generally, that the entire cost of the 
work shall be assessed, in the case of a pavement, upon the abut- 
ting property, and, in the case of a sewer, upon the drainage terri- 
tory. This method of paying for such work is exactly the opposite 
of the practice in many New England cities where the entire 
cost of such work is defrayed from the general fund. 

While our method, in many cases, imposes a hardship on the 
abutting property, it has resulted in increasing very largely the 
amount of improved streets over what there would have been 
had the opposite practice been followed. As a matter of fact, 
out of probably 150 ordinances for such work, adopted each year 
for several years past, we have had scarcely any objection from 
the property owners. 

Another feature of our pavement work, in connection with 
water mains, is that in our main streets occupied by street rail- 
way tracks we lay two sets of pipes, one on each side of the street, 
so that the services do not pass under the railway tracks. In our 
investigations for electrolysis we have found no material damage 
by electrolysis to any of our water mains, but did find quite a 
number of cases of service pipes that had been damaged from that 


cause. 
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STREET LIGHTING. 


The city is lighted under contract with the Rochester Rail- 
way and Light Company. We had, on July 1, last, 3761 are 
lights and 312 tungsten lamps, making a total of 4073 electric 
lights. 

The spacing of the arc lights in the residence streets is generally 
400 feet, unless, on account of intersecting streets, or for other 
reasons, this distance has to be modified. In the central portion 
of the city the spacing is very much closer, and in Main Street 
the average distance is about 80 feet. The appropriation for street | 
lighting for the year 1910 was $239 000. 

The arc lights connected with the overhead system cost $58.00 
each, and, when connected with the underground system, $68.00 
each, per year. 


ELECTRIC SUBWAYS. 


The Railway and Light Company has 71 miles of underground 
conduit, and the Bell Telephone Company has 60 miles. This 
amount of underground work is increased from year to year, 
and we expect in the near future that the main portion of the city 
will be entirely free from wooden poles and overhead wires. 
This city has the reputation of being one of the best, if not the 
best, lighted city in the United States. It also has a reputation 
for the most extended use of electric power of any city. 
’ It may be stated here, that the management of the Railway 
and Light Company, which owns and controls practically all of 
the electric and gas service in the city, is such as to commend 
itself to all our citizens, and also to serve as an object lesson to 
other municipalities in the manner of handling public service 
corporations. 


PUBLIC MARKET. 


This city is surrounded on the north and east by rich agricul- 
tural land devoted quite extensively to market gardening. During 
the season from 1 000 to 1 500 teams come into the city to sell and 
deliver garden truck. 

Up to the year 1905 these gardeners used our own main public 
streets on the east side of the city during the night and early 
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morning. At that time the city purchased about ten acres of 


land and estahlished a wholesale public market, affording accom- 
modations for 1 200 teams within the market limits. The 
market has been successful from the start, and has proved a 
great convenience both to the market gardeners as well as to: 
the city. 


CONVENTION HALL. 


. Another branch of municipal work which has recently been 
taken up is providing a convention hall and an exposition hall for 
conventions and other public gatherings. The Convention Hall 
will seat about 3 800 people; and connected with it is the Exposi- 
tion Hall, having about 3 600 feet of floor space. 

The city has also recently acquired from the state a tract of 
land of about 42 acres, a portion of which will probably be devoted 
to the purposes of industrial expositions. This city has, through 
the activities of the Chamber of Commerce and the city officials, 
come to be recognized as one of the leading convention cities of 
the country. 

WATER WORKS. 


The present. water-works system was constructed in the years 

1873-74. Prior to that time extensive investigations had been 
made by several engineers as to the source of supply, and among 
those investigated were Lake Ontario, the Genesee River, and 
Hemlock Lake. It was decided to construct gravity works for 
a domestic supply, taking water from Hemlock Lake, — about 
30 miles south of the city and about 390 feet above its general 
elevation, — and at the same time.to construct an auxiliary fire 
service, taking water from the Genesee River. 

So far as I know, this city was the first to establish a separate 
system of water works for fire protection, and this system at pres- 
ent covers more territory than any other in the country. The total 
length of pipe is about 20 miles. The capacity is at. the rate of 
13 million gallons per day. While it does not compare in working 

pressure to the few modern systems recently installed in some of 
the larger cities, yet it is, and has been from its inception, a very 
material addition to the efficiency of the fire department. The 
pressure during fires is maintained at 140 pounds. 
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The domestic system of water works covers the entire city, . 
and consists of about 350 miles of pipe. There are about 4 000 
hydrants connected with this system. 

The area of the watershed of Henilock Lake, and Canadice 
Lake and outlet tributary thereto, is about 66 square miles. 
The capacity is about 29 to 30 million gallons per day. The water 
is brought to the city in two gravity conduits, one completed in 
1874, composed of 9.62 miles of 36-inch wrought-iron pipe, 
3 miles of 24-inch wrought-iron pipe, and 15.5 miles of 24-inch © 
cast-iron pipe. The wrought-iron pipe is made from ; inch- 
to j-inch plate. The capacity of this conduit is about 6.5 
million gallons per day. A second conduit, completed in 1894, 
is composed of a 6-foot brick horseshoe-shaped tunnel 2.25 miles 
in length, and a 38-inch riveted steel pipe 26.19 miles in length. 
The steel pipe is made up of plates from } inch to ? inch 
in thickness. The ultimate capacity of this pipe is about 16.5 
million gallons. 

It may be of interest here to refer to an official test made of the 
Holly, or Fire, System, on February 18, 1874. 

A 2-inch stream was thrown vertically 210 feet, many feet above 
the top of the figure of the goddess of justice on the old Court 
House. A 3-inch vertical stream was thrown from a point near 
the corner of State and West Main streets 285 feet. A 4-inch 
vertical stream was thrown to an elevation of 294 feet. The same 
stream was thrown horizontally a distance of 365 feet. A 5-inch 
vertical stream was thrown to an elevation of 256 feet. These 
are some of the tests made, with reference to which the late Mr. 
J. Nelson Tubbs, then chief engineer of the water works, said, 
“Tt is believed that this was the most remarkable exhibition of 
large streams ever made in any country, and as such it attracted 
widespread attention from the hydraulic engineers, compelling 
_, the introduction of larger factors in the hydraulic formulas used 
to determine the results to be obtained from large streams with 
liberal size pumping mains.” 

Referring to the quality of the water of Hemlock Lake, the 
following quotation from an address before your Society* in June, 
1887, by Prof. A. R. Leeds, Ph.D., of the Stevens Institute of 
Technology, may be of interest. 


* JourNaAL New ENGLAND WaTER Works AssociaTion, Vol. II, page 79. 
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“Tt seems to me astonishing that at the present time, so far 
as I know, only two large cities in the country have water of un- 
exceptionable quality. These I believe to be Brooklyn and Roches- 
ter. None of the others, taking them in their descending order, 
Washington, Baltimore, Philadelphia, New York, and so on down, 
none of the larger cities in this country, with the exception of the 
two I have mentioned, as far as I know, have water of unexcep- 


tionable quality.” 


Fie. 1. 


DIAGRAM SHOWING INCREASE IN POPULATION, NUMBER OF METERS 
AND SERVICES; AND CONSUMPTION. 


Referring to Fig 1, showing increase in population, number - 
ofemeters, and amount of water used, it is interesting to note that 
Mr. Tubbs, in referring to this matter in the year 1889, in a speech 
before the Common Council, said, with reference to a suggestion 
that a reduction in the amount of water used could be made by 
the wholesale introduction of meters: ‘‘ It would require more than 
19 000 of these to cover the services at present unmetered, and 
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DIAGRAM SHOWING VARIATION IN RATE OF CONSUMPTION, 


DIAGRAM EXHIBITING VARIATION IN RATE OF CONSUMPTION OF HEMLOCK WATER 
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take at least three years’ time; and when this was done the natural 
accretion of population would have taken all the water saved by 
the process.”” The diagram shows that this statement was actually 
borne out by facts from the year 1904 to date, when practically 
the entire city has been metered. The increase in population, 
and in use of water due to a larger population, has taken up all 
the water saved by the introduction of meters. 


CITY GOVERNMENT. 


At a meeting of what is known as the “ City Lunch Club,” 
Saturday noon, last, a gentleman from Buffalo talked on ‘“‘ Commis- 
sion Government for the City of Buffalo.” He said, among other 
things, that interest in a change of municipal government was 
general throughout the country. 

This is neither the time nor the place to discuss any new method 
of municipal government, and anything that I may say is not 
intended to advocate any particular method, but to describe the 
system in operation in this city. 

In the year 1900 this city came into what is known as ‘‘ Second 
Class Cities,” and a so-called uniform charter was adopted by the 
legislature for the cities of Rochester, Syracuse, Albany, and Troy. 

By virtue of a constitutional amendment, adopted in 1907, 
this city came into what is known as “ Cities of the First Class,” 
and on January 1, 1908, a new charter applying only to this city 
went into effect. The special feature of this charter, as well as the 
charter for cities of the second class, is that it sharply divides 
the city government into branches, the legislative and the execu- 
tive. 

The legislative branch is composed of the Common Council, 
the members of which are elected from each of the 22 wards. 
The president of the Common Council is elected by the city at 
large. The Council has very large legislative powers, and it is 
not necessary for the city to ask for special legislation at Albany 
for any of the ordinary operations of the city government. The 
Council has power to issue bonds and notes for any improvement 
which it may authorize, limited only by the constitutional pro- 
vision that the indebtedness shall not exceed ten per cent. of the 
assessed valuation. This body has no executive functions. The 
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mayor has veto power over the ordinances of the Common Council, 
but the charter contains the usual provision that ordinances may 
be passed over his veto by a two-thirds vote. 

The executive branch of the city government is, in theory and 
in fact, controlled by the mayor. The mayor has the appointment, 
and without confirmation, of the corporation counsel and the city 
engineer, who, together with the president of the Common Council, 
the comptroller and the mayor as president, constitute what is 
known as the “ Board of Estimate and Apportionment.” This 
board fixes the number of employees in all departments and bureaus 
of the city, and also fixes the salaries of all officers and employees, 
except in a very few cases where the salary is fixed by the charter. 

This board also prepares and submits to the Common Council 
an annual estimate of the expenses of the city for the current 
year. It also has other extensive powers, some of them in approval 
. of acts of the Common Council. 

A second board, called the “ Board of Contract and Supply,” is 
composed of the mayor, the commissioner of public works, ap- 
pointed by the mayor, the corporation counsel, city engineer, and 
the comptroller, an elective officer. This board has the letting 
of all contracts for city. work, excepting for schools and parks, 
whenever the work or material costs more than $250.00. 

This board also approves of requisitions for work for all depart- 
ments, except, as stated, for amounts less than $250.00. 

The executive business of the city is subdivided into the follow- 
ing departments. The Department of Public Works: The com- 
missioner of public works is the head of this department and ap- 
points, to serve during his pleasure, a superintendent of public 
works, superintendent of streets, a sealer of weights and measures, 
and the numerous other officers and employees necessary to carry 
on the department. The Board of Estimate and Apportionment 
determines the number of employees and their salaries. 

The Department of Public Safety: The commissioner of public 
safety is the head of this department, which includes the Police 
Bureau, the Fire Bureau, the Health Bureau, and the Bureau of 
Buildings. The commissioner appoints the heads of these bureaus, 
and has general control of their operations. 

The corporation counsel, appointed by the mayor, has the 
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appointment of all of his subordinates, and has charge of all the 
legal business of the city, and, as before stated, is a member of 
the Board of Estimate and Apportionment and the Board of 
Contract and Supply. 

The city engineer, also appointed by the mayor, has charge 
of all the engineering for the city, with the exception of parks 
and schools. He also is a member of the boards of Estimate and 
Apportionment and Contract and Supply, also of the Public 
Market Commission and of the Examining Board of Plumbers. 
He has charge of the maintenance of all city buildings, except 
school buildings and such as are used exclusively for the Depart- 
ment of Public Safety. 

The heads of the various departments are appointed by the 
mayor at his pleasure, and without confirmation. The mayor, 
therefore, has absolute control over the executive departments 
of the city. 

- The mayor also appoints the park commissioners, who serve 
for a definite term. This Board of Park Commissioners has the 
supervision of the public parks. He also has the appointment of 
the Board of Examining Plumbers and of the market commission- 
ers, and of quite a number of other minor officers. 

Among the other elective officers is a board of four assessors 
which has charge of the general assessment of the city and also 
of special assessments for local improvements, or for other 
purposes. 

The school board, consisting of five members, is also an elective 
board, and almost entirely exempt from control by any other 
branch of the city government, provided it does not ask for an 
appropriation exceeding $25.00 per capita of the registered pupils. 
For an appropriation exceeding that amount it is subject to the 
approval of the Board of Estimate and Apportionment and the 
Common Council. : 

There are also two municipal court judges elected, and one 
police court judge. 
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ROCHESTER PARKS. 


BY C. C. LANEY, SUPERINTENDENT OF PARKS, ROCHESTER, N. Y. 
[Read September 21, 1910.] 


Rochester has five large parks: The Genesee Valley Park, 
situated on the upper river, contains about 500 acres, of which 
about 18 acres are devoted to golf, and about 10 or 12 acres toa 
polo and athletic ground; there are also a swimming pool, three 
baseball diamonds, seven tennis courts, two children’s playgrounds, 
and a very beautiful grove in which there is a fine band stand, 
where during the summer there is music by the Rochester Park 
Band at least one day in the week. One prominent amusement is 
boating and canoeing on the upper Genesee, about twelve miles of 
the river being used for this purpose. 

Highland Park, about 50 acres in area, was virtually given by 
the celebrated nurserymen, Elwanger & Barry. They first gave 
20 acres and stipulated it should be devoted to an arboretum, 
and that some celebrated landscape gardener should be employed 
to make the design. The landscape gardener employed was 
Frederick Law Olmsted, the father of the Olmsted Brothers who 
are now employed by the city. He saw that the park was too 
small for an arboretum, and so he recommended a shrub collection 
and.a pinetum. The shrub collection has been established, and 
every shrub that can be made to grow in this part of the country 
is growing in Highland Park. The pinetum is a collection of all 
the coniferous evergreens that will grow in this part of the country, 
taken from all parts of the world. A part of the shrub collection 
is a collection of lilacs, of which there are about 210 varieties, 

-including all the different species and all the varieties that have 
been discovered so far. We also have a fine collection of hardy 
rhododendrons and the hybrid rhododendrons that are a cross 
between the American and those growing in Asia. We have also 
a collection of peonies, of about 210 varieties, not to mention quite 
a number that have not yet been named. All the shrubs are 
labeled with the common and with the scientific name. Besides 
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the peonies, we also have a collection of 27 varieties of magnolias, 
all the kinds that have been discovered so far that will grow in 
this climate. The southern magnolia, the magnolia that many 
southern people think is the only magnolia, is not hardy enough to 
grow as far north as Rochester. It grows as far north as Washing- 
ton. Sometimes when our southern friends come up here and see 
the magnolias on Oxford Street they say, ‘‘ Why, these are not mag- 
nolias,”” but when they see our collection they realize that there 
are other magnolias than the beautiful southern magnolia which 
they so greatly admire. 

In Seneca Park, on the high banks of the Genesee River, we 
have about 140 acres of land. This park is planted mostly to the 
choicest of American trees. With very few exceptions there are 
no foreign trees in this park. There is a lake of 5 acres on which 
there are swan boats for carrying small children. In the winter 
this lake is kept clear of snow to allow skating. There is a small 
collection of animals, most of which are indigenous to this country. 
Many of the native birds and some foreign birds are in the aviary. 

Maplewood Park was formerly a part of Seneca Park, and is on 
the left bank of the river. It was found inconvenient to manage 
the two parks on opposite sides of the river as one park, so they 
took the part of Seneca Park on the left bank of the river and called 
that Maplewood Park, naming it for the beautiful maple grove 
which is at the corner of Driving Park Avenue and Lake Avenue. 


At that corner we have established a rose garden in which are - 


planted many of the choicest hardy roses. 

At the lake we have Durand-Eastman Park, of about 500 acres. 
The land was given by Dr. Durand and George Eastman, of East- 
man Kodak fame. The roads have been partly graded through 
the park. Recently a number of deer and a few other animals 
have been put into this park as an attraction. I think at the pres- 
ent time the people of Rochester do not fully appreciate this park, 
but at the rate that the city is growing now, in a very few years 
it will be found indispensable. A special feature of the park will 
be the facilities for bathing in Lake Ontario. 

Besides the playgrounds in Genesee Valley Park, there is a 
children’s playground at Maplewood Park, one at Seneca Park, 
one at Brown’s Square, one of the most thickly populated parts of 
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the city; one at Thomas Street, and another at Hartford Street, 
both of which are in congested districts in which the children are 
mostly of poor parents. All the playgrounds are in charge of 
experienced instructors. 

A children’s pavilion was erected in Highland Park by Elwanger 
& Barry, at a cost of over seven thousand dollars, and dedicated 
to the children of Rochester in 1890. From this pavilion Lake 
Ontario, seven miles away, and the Bristol Hills, thirty-five miles 
away, may be seen on a clear day. 
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A RAMBLING DESCRIPTION OF THE ROCHESTER 
WATER WORKS. 


BY BEEKMAN C. LITTLE, SUPERINTENDENT. 
[Read September 22, 1910.) 

Many times, while urging the members of this Association to 
visit us at Rochester, I have been met with the statement that 
we had nothing novel, intricate, or interesting in our water-works 
plant to show. My first feelings were of chagrin that such a 
complaint should be made, but these were quickly followed by 
feelings of pride, until second thought had to place such remarks 
under the heading “‘ Important, if true,” 

Think of it! A water-works plant in its thirty-eighth year, 
so finely modeled years ago and so well managed since, that in 
its running nothing new is required and a humdrum existence is 
permitted its superintendent, whose gray matter is not disturbed 
by the solving of any problems! Two hundred and twenty thou- 
sand people served with water by some 38,000 service ‘pipes 
and a like number of meters; 350 miles of sundry pipe, cast iron, 
wrought iron, steel, galvanized iron, black iron, lead and lead- 
lined, in sizes varying from } inch to 36 inches; two entirely 
separate and distinct systems of water pipe, one a high-pressure 
pumping system (the oldest in the country — used exclusively for 
fire protection, and the other a gravity system, used for domestic 
purposes as well as protection against fire. All of these, and yet 
nothing to interest a water-works engineer! It is too wonderful 
and good to be true. ; 

In the thirty-eight years we have had to make changes and re- 
newals of equipment, for old things do wear out, but credit should 
be given to some of those things that have stood the wear of time. 
We still have in use, regularly, the old Holly quadruplex steam 
pumping engine and the two water sets that were put in origin- 
ally in 1872-3 for our high-pressure fire service, and I believe the 
chief engineer of the pumping station has an affection for these 
deeper even than he feels for the splendid new centrifugal pumps 
lately installed, one electrically driven and one operated by steam 
turbine, each of 3 million gallons capacity. 
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We have still doing service a number of our original hydrants. 
We are, to be sure, gradually taking them out, but not any more 
because they are worn out than because they are now too small 
to serve for the proper protection of the buildings and business 
houses which have grown up around them since they were installed, 
nearly forty years ago. 

For the same reasons, large numbers of our valves and mains 
are being replaced, and yet many of these old. mains and valves 
are found to be in good condition to-day. In particular, the cast- 
iron mains in our domestic system seem to be remarkably well 
preserved. In some cases there is almost no tubercular growth, 
and very little sediment is found. This fact, of course, is due 
probably more to our excellent water than to any virtue in the 
cast-iron pipes. In a number of localities on our high-pressure 
or Holly system, in place of removing mains and relaying larger 
ones, we have had the old mains cleaned, by contract. The work 
was satisfactory and the results very gratifying. This- high- 
pressure system of pipes uses the Genesee River water, which is 
non-potable and exceedingly roily at times. In these pipes we find 
large deposits of silt and much tubercular growth after years of 
service. The cleaning machines remove them both equally well, 
with no bad after-effects that we have discovered. 

While pleased with the results of our contract for pipe cleaning, 
I question the wisdom of the cleaning companies when they bid, 
as is their custom, — or at least was with us in our contract, — 
so much a foot for cleaning, regardless of whether the pipe is 
five feet underground or a foot and a half, as it may be in New 
Orleans; whether it is under a granite block pavement or in a 
dirt road; whether there may be service taps of various sizes 
every 20 feet to look after, or none at all, as in our high-pressure 
system; whether the machine may have a clear haul of 1 000 feet, 
or a cut in the main and pavement has to be made every 200 or 
300 feet. I should certainly say that the prices for pipe-cleaning 
contracts should be determined by considering local conditions in 
each case. ; 

In addition to the old mains and valves and hydrants which 
we are still using with good satisfaction, we have water passing 
through a number of old meters that were installed about thirty 
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years ago. The conclusion may be reached in time that there is 
practically no limit to the life of a meter, any more than there is 
to the life of a good watch, if it is taken care of and parts repaired 
or renewed as occasion requires. There is no reliable answer to 
the question; ‘‘ How long will a meter last before it wears out? ” 
As to how long it will register accurately without attention, that 
is another matter. We find that with our exceptional water, 
which is free from grit and has a uniform pressure, the disk meters 
are apt to register closer after long use than the piston or current 
types. This may not obtain in other places, where conditions 
are different. 

.To the writer, the behavior of our disk meters is remarkable. 
In 1905 we had fifteen %-inch disk meters removed for test, 
from residences which they had served for seven years. There 
were five meters, each from the three different manufacturers 
from whom we had been purchasing. The meters had all been 
set in service the same month of the same year and, seven years 
later, were removed and tested within a month of each other. 
The locations were selected at random and there was nothing 
unusual about the care which they had received from the house- 
holders. These fifteen meters were brought to the shop and tested 
without being cleaned or repaired in any way. On full-flow test, 
every single one registered within 2 per cent. of perfect. On the 
leakage test, with a s's-inch stream, eleven of them registered 
within 5 per cent. of perfect, or better; one of the remainder regis- 
tered 9 per cent. in favor of the consumer, one 22 per cent., and 
two would not register until the stream was increased somewhat. 
The registration of the meters for the seven years varied from 
18 000 cubic feet — or 2 500 cubic feet a year — to 86 000 cubic 
feet, or 12 300 cubic feet a year. This highest registration meant 
a water bill of about $13.00. Although all of these meters were 
set back in service, some without being taken apart and cleaned 
even, the only repairing made in order to have each one register 
perfectly before the resetting was to one disk, which had to be 
refitted. 

This test was made in order to find out which of the three makes 
was giving the best satisfaction, and, to our great satisfaction, 
it was found that all three were best. Three one-inch disk meters 
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were also tested, which had been in service four years each. Two 
of these registered within 2 per cent. of perfect on both full stream 
and leakage test, and the other registered 3.7 per cent. on full flow 
and 17 per cent. on the leakage test in favor of the consumer. 
These meters had each registered an average of about 75 000 cubic 
feet a year. 

These tests satisfied the writer that in Rochester, at least, it 
would not pay to remove all meters frequently for test, in order to 
save money, on the theory that the meters would under-register 
after several years’ usage. That is, if the total amount of the water 
bills represented by the registration of these meters were increased 
by the per cent. which the meters were found to under-register, 
the difference would not be sufficient to pay for the trouble and 
time spent in testing the meters. These tests that have been 
enumerated were, as stated, made five years ago, after seven 
years’ use. These meters were again removed last July, after 
twelve years’ service. All but two registered within 2 per cent. 
of perfect on full flow, these two being 5 per cent. and 6 per cent. 
out of the way, respectively. On a very small leakage test, three 
would not register and the rest averaged 5} per cent. out of 
the way. Of course, after these tests were made, each meter 
was cleaned, all necessary repairs made, and each was set back 
only after it registered perfectly on both full stream and leakage. 

The older meters which we have in use are of the rotary piston 
type. Recently eight of the oldest ones, of 3-inch size, were 
removed. These were set in 1880 and 1881, twenty-nine and thirty 
years ago. Before cleaning or repairing, they averaged for accu- 
curacy less than 4 per cent. out of the way, on full flow, and about 
11 per cent. on leakage test. These, of course, have been repaired 
or removed perhaps a number of times in the thirty: years of use, 
but my point is that they are still in use and giving good service. 

The use of meters in Rochester, now 98 per cent. metered, has 
undoubtedly kept our consumption down below what it would 
otherwise have been. While this does not mean saving in dollars 
for coal and extra pumping engines, ours being a gravity supply, 
it does mean that we have put off for a number of years the great 
expense of another conduit line and saved the interest on such a 
large investment. Long before this, without meters, we would 
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have exhausted the capacity of our present conduits. Of the 
larger cities of this country, there are few, if any, that have a 
smaller daily per capita or per service consumption than Rochester. 

Practically all of our small services are of 3-A lead from the 
main to the curb. The plumbers lay them, under our supervision, 
after we have put in the corporation cock, and then the services 
are maintained at our expense. We suffer very little from elec- 
trolysis. The conditions here have been exceedingly good in this 
respect since the street railway company ‘bonded all of its joints 
by electrical welding, and the company now makes frequent tests 
of its trackage system to see if the return is in good condition. 

Our street mains are cast iron and our policy on the domestic 
system is not to lay any smaller that eight inches. Some 6-inch 
mains are laid, but only on cross streets, where the system is 
well gridironed. We install valves in abundance, and thus avoid 
the necessity of shutting off large sections in cases of leaks or 
breaks. Nearly all hydrant branches have valves; they are 6-inch, 
with some few 8-inch branches for the extra large hydrants. The 

small mains (especially 4-inch), laid years ago, are being replacad 
rapidly by the larger sizes. 

On our high-pressure or Holly Borutecs we are, in our new work, 
installing nothing smaller than 12-inch mains. We allow private fire 
services, for standpipes, automatic sprinklers, and yard hydrants, 
to be taken from either our Holly system or the domestic system, 
but not from both. That is, the sprinkler equipment in a building 
cannot be connected up with a service from each system, even 
with a check valve between. The river water which we pump 
directly into our Holly system is so polluted that it would be a 
great menace to health to trust a check valve to keep the two 
supplies separate. Insurance underwriters do not like this rule, 
but have to put up with it. 

On several of these private fire services, where there are yard 
hydrants, we have installed detector meters, and we intend to 
have them all metered eventually. On an ordinary service, the 
consumer pays for the meter, but on private fire services we have 
adopted the plan of furnishing the meter free, unless, or until, 
it is found that the water is used for other purposes than for ex- 

’ tinguishing fires. In such cases we insist on the property owner 
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paying for the cost of the meter and the installation, as well as 
for all water used 

We have two gravity conduits leading from our source of do- 
mestic supply, 30 miles away. The older one, laid thirty-six years 
ago, has caused, all told, but little trouble, either in the 14 miles 
of wrought-iron main or the 16 miles of cast-iron pipe of which 
it is composed. The second conduit consists of 38-inch steel 
riveted pipe, varying in thickness from } to 3? inch. This was 
laid sixteen years ago, and we have had considerable trouble 
with pitting on this conduit. For the past eight years we have, 
each summer, uncovered varying lengths and carefully scraped 
the old coating off and repainted the pipe with two coats of mineral 
rubber and two coats of graphite paint. On the sections thus 
recoated, we have had no further leaks and the pitting has not 
advanced appreciably. The probability is that the entire length 
of this steel pipe will eventually. have to be thus treated. The 
pits or holes which occur, causing the leaks, are small and do not 
necessitate shutting off the conduit in order to make repairs. A 
wooden plug is pressed into the hole, a patch of lead placed over 
it, and over that is placed a square steel patch 2? inch thick. 
Then this is all held in place, close against the pipe, by two half 
circles of wrought iron placed around the pipe and drawn tightly 
together by bolts. 

From our source of supply, Hemlock Lake, which is seven miles 
long and half a mile wide, these two conduits lead first into a small 
storage reservoir about ten miles south of the city, and then from 
there down to the two distributing reservoirs on the southern 
boundary of Rochester. The purity of the supply is very well 
insured, as the city owns practically the entire shore of the lake, 
leaving but a few cottages on its entire 15 miles of shore-line. 
These cottages and residences are watched and inspected by 
water-works employees, and the garbage, etc, removed and 
buried off the watershed as often as necessary. The entire water- 
shed of the lake is kept track of. The population of the 48 square 
miles is very small, and all cases of disease are reported, and any 
that may have possibilities of danger to our water supply are 
investigated and taken care of, if necessary. There is a small 
town of 600 inhabitants three miles south of Hemlock Lake, and, * 
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while it is situated on the watershed, with the drainage all toward 
the lake, we have never had any bad results shown in our water 
supply. Conditions in this village are particularly watched by 
an inspector who resides there nearly all of the year and reports 
to the superintendent every week. | 

Only once in the last fourteen years since we started taking 
regular weekly bacteriological and chemical observations Has the 
bacillus colon appeared in our water supply, and never has there 
‘been a case of typhoid fever in Rochester which has been traced 
to our water supply. Throughout the entire year of 1909 there 
were only 17 deaths from typhoid fever, or only one to every 
12 000 people, and the average yearly rate for the past ten years 
has been only one death to about every 7 500 inhabitants. No 
other of the larger cities of New York state has a record like this. 
In fact, the only place at all which equals it is Yonkers, with a 
population only one third as large. It has been pretty well deter- 
mined that all of the typhoid that we have had is contracted out- 
side of the city. For instance, last year 70 per cent. of the typhoid 
cases were reported in September and the following months, after 
vacationists and excursionists returned from summer trips to 
places where Hemlock water was not available: 

We have been troubled with alge, and as far back as 1876 
fishy flavor and odor were complained of. While the trouble has 
been with us more or less through all these years, it was not until 
the present year when it was long continued that active measures 
were taken to abate the nuisance. We dosed our largest reservoir 
with copper sulphate, after locating the trouble there and cutting 
off the reservoir from the rest of the distribution. This was done 
last May, and our trouble vanished quickly and we have had no 
complaint since. The treatment was found to be so simple in 
application and so efficacious in results that hereafter it will be 
tried on much less provocation than caused its trial this year. 

Except for this one trial treatment of copper sulphate, our 
domestic water has never been doctored in any way, nor does it 
undergo any filtration whatever. We believe that it well deserves 
the place it occupies in the very front rank of the domestic waters 
of the country, if not of the world. 
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PERTINENT MATTERS RELATING TO THE ROCHES- 
TER WATER WORKS. 


BY FREDERICK T. ELWOOD, COMMISSIONER OF PUBLIC WORKS, 
ROCHESTER, N. Y. 


_ [Read September 24, 1910.] 


In connection with pertinent matters relating to water works, I 
thought it might be interesting, before the able papers on the 
various details, to give you a very brief talk on the evolution of 
the Rochester Water Works. 

Early in the experience of every hamlet and village arises the 
need of a water supply for the protection of property against de- 
struction by fire. At a later time, when the population becomes 
greater and the habitations more dense, with the consequent 
contamination of the soil, comes the necessity for a supply of 
water for domestic purposes other than the primitive wells. 

From the earliest times the bucket brigade has been the first 
method adopted by a village to fight a fire, to develop with the 
growth of the village, through the different stages of fire apparatus, 
to a modern equipment. Rochester was not an exception to the 
rule, and her first bucket brigades dipped water from the Genesee 
River or pumped it from nearby wells until 1824, when the com- 
pletion of the Erie Canal furnished a new source of supply. Later, 
reservoirs were built under the streets to supply the hand engines, 
but it was not until 1874 that the first stream was turned on from 
a hydrant. It must not be thought, however, that the question 
of water works had been sleeping during these fifty years. As 
the city grew, the natural supply became insufficient for protec- 
tion, the wells were contaminated, and the water unfit for use for 
domestic purposes; there was much discussion and much demand 
for an adequate service. 

In 1835 the legislature granted a charter to the first Rochester 
Water-Works Company, a private corporation, with a capital of 
$10 000. History does not reveal that this company accomplished 
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more than to effect its organization. In 1852 another company 
was chartered under the same name, authorized to expend the pro- 
ceeds of $800 000 in bonds and $800 000 in stock. This company 
proposed to take water from Honeoye Creek, the outlet of Honeoye, 
Canadice, and Hemlock lakes, at Smithtown, sixteen and one- 
quarter miles from the city, conducting it by gravity to the dis- 
tributing pipes by means of a 24-inch wooden conduit. In 1871 
the company had finished its conduit, had partially completed 
a storage reservoir of 70 million gallons capacity about ten miles 
from the city and a small reservoir near the city, and had laid 
thirteen and one-half miles of distributing pipe. It was then found 
by test and examination that the wooden conduit could not be 
relied on, that the leakage was so great at the depressions that 
only a small percentage of water passed over the adjoining eleva- 
tions, and that the amount reaching the distributing system was 
almost infinitesimal. The company had expended all its funds, 
but was reorganized and offered to replace the wooden conduit 
with iron pipe in consideration of a rather heavy yearly rental; 
but the people had become discouraged and suspicious of 
private water companies, so in 1872 the legislature created a 
board of water commissioners and authorized the city to construct 
and operate its own water system. The city finally purchased for 
$26 000 the distributing system and some land at Hemlock Lake 
from the old company. The uncompleted storage reservoir on 
the Henrietta road still remains as its monument. 

Immediately on the appointment of the board of water commis- 
sioners the planning and construction of our present system was 
begun. It is not within the province of this paper to go into any 
detail, but simply to relate in a general way what has been accom- 
plished. The plan adopted after much discussion was to construct 
a double system: a pumping plant, taking water from the Genesee 
River and using its own separate distributing system, for fire 
protection, and a gravity system for domestic purposes, taking 
water from Hemlock Lake in Livingston County, twenty-eight 
miles to the south of the city and at an elevation of 388 feet above 
the Erie Canal Aqueduct. The lake is a little less than seven 
miles in length and has an average width of three fifths of a mile. 
It is situated in a deep narrow valley in a sparsely settled district, 
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almost entirely surrounded by high bluffs. Its beaches are of 
shale; its water mostly supplied by springs. It has a surface area 
of 1 828 acres and a drainage area of 43 square miles. 

The pumping system, with a daily capacity of 7 million gallons, 
was completed in February, 1874, and the tests were eminently 
satisfactory; in fact, they attracted, at the time, the attention of 
hydraulic engineers throughout the country. The greater part 
of the original machinery is still in use and, with its later additions, 
is furnishing, besides fire protection, power for hydraulic elevators 
and lift bridges 

The conduit from Hemlock Lake was completed in January, 
1876, and on the 23d of that month Hemlock water was flowing 
under the streets of Rochester, two years and eight months after 
the first pick was struck into the ground. The conduit commences 
in Hemlock Lake, 1 000 feet from shore, where the mouth is in 
thirty feet of water, and, after passing through the gate house, 
- passes over hills and across valleys, through fields and along roads, 
to Rush Reservoir, about 20 miles from the lake. The bottom of 
this reservoir has an elevation of 224 feet above the Erie Canal 
Aqueduct; it has a capacity of 70 million gallons. Outside the 
reservoir is a by-pass by means of which the direct pressure from 
the lake may be thrown into the city. From Rush the conduit 
follows mainly along the highway to Highland and Cobb’s Hill 
reservoirs on the outskirts of the city. This conduit furnished an 
unlimited supply of water until 1885, when, so rapid had been the 
growth of the city, the conduit was being used to its full capacity. 
Steps were immediately taken to procure an additional supply, 
and the construction of a second conduit to Hemlock Lake was 
finally decided on. During the next few years the water was hus- 
banded with great care, but despite the precautions, the city nar- 
rowly escaped a water famine in 1888; a temporary supply became 
necessary and this was procured from artesian wells furnishing 
about 500 000 gallons daily. : 

The second conduit with a capacity of 15 million gallons was 
completed in 1894. This conduit commences 1 600 feet from shore 
at a depth of 35 feet. The first two miles is of brick tunnel 6 feet 
in diameter, protected from damage by pressure by an overflow 
chamber. From this point it is of 38-inch steel pipe, extending 
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over practically the same route to the same reservoirs as the old 
conduit. 

These two conduits are now furnishing to the city an unstinted 
supply of the purest water of any city in the country. The conduits 
are supplemented by a storage reservoir at Rush, with a capacity 
of 70 million gallons, a distributing reservoir at Highland Park 
with a capacity of 25 million gallons, and our lately completed 
Cobb’s Hill Reservoir with a capacity of 140 million gallons. 

And now a word as to why our water is so pure. Hemlock Lake, 
with its high, thickly wooded ridges, is one of the most beautiful 
lakes in the country. Its beauty naturally attracted the summer 
cottager, and, in the early days of its use as a water supply, its 
shores were liberally sprinkled with cottages. During this time 
a strict patrol of the lake was maintained, the beaches kept 
cleaned and all foul matter collected in pails and buried outside 
the watershed. Gradually the city has acquired by purchase a 
strip 200 feet wide along almost the entire shore line, the cottages 
have been removed and the shores are slowly returning to their 
primitive state. The patrol is still maintained, but its work is 
comparatively light. 

Canadice Lake, which lies less than two miles from Hemlock 
Lake and parallel to it, will soon be used as an additional source 
of supply. This lake is similar in its natural surroundings and 
quality of water to Hemlock Lake. It is a trifle.over three miles 
in length and one third of a mile in width, and has a water surface 
of 648 acres. Its elevation is about 500 feet above the Erie Canal. 
Aqueduct, or about 112 feet above Hemlock Lake. The outlet 
empties through a narrow gorge into Hemlock outlet about one 
fourth of a mile from the foot of Hemlock Lake. The fall from 
the foot of the latter to the junction of the two outlets is only about 
two feet, so that a small dam constructed below this point would 
divert the entire outflow of Canadice Lake into Hemlock, thus 
adding to.the water supply of the city about 9 million gallons 
daily. The total capacity of the two lakes is about 28 million 
gallons per day. The same sanitary precautions in use at Hemlock 
Lake are being put into effect at Canadice, and the city has already 
acquired more than half the shore line. When the work is completed 
the entire watersheds of both lakes will be practically without 
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habitations with the exception of one small village and the seattered 
farms, and these are under constant supervision. 

Our abundance of water is used as a factor in our street cleaning. 
The main streets and the avenues leading to the parks are flushed 
three and four times a week, removing the flour dust impossible 
to remove with the brooms during the day. Last year 9 million 
gallons of water was used for this purpose, flushing 8 500 000 
square yards of pavement at a cost to the department of $11.55 
per thousand square yards. From the flushing we derive a two- 
fold benefit, — the cleansing of the streets and the flushing of the 


sewers. 


An important factor in a water-works system, and one which . 


appeals very strongly to the writer, is the method of accounting. 
Soon after assuming office an investigation of the system in use 
in the accounting department showed it to be very unsatisfactory 
in many ways, the chief of which was that it did not in any manner 
harmonize with the assessors’ rolls and showed an entire lack of 
coérdination. 

’ With the object of remedying these defects, as well as to avoid 
the annual delay in spreading the unpaid water rents on the tax 
roll, a thorough investigation of the old system was made, and, 
after a careful study of the conditions, it was decided to install an 
entirely new set of registers, ruled to show meter rate, flat rate, 
or frontage tax, as the case might be, on each page. 

The accounts have now been arranged by wards and alphabeti- 
cally by streets, and in the order of house numbers on each street, 
making each ledger self-indexing without regard to change of 
ownership. Under each account a full record is kept of all charges 
against the property for water, either metered or flat rate, together 
with a record of the service. 

An account is opened with each lot in the city, so that, if water 
pipe is laid in the street, a charge for frontage tax or for the use 
of water must appear. This frontage tax never before appeared 
on the records, and the new arrangement greatly simplifies the 
work of transferring unpaid accounts at the end of the year. 

A cordial invitation is extended to any one interested in this 
particular line to inspect our system in detail. ‘ 

A pertinent matter came to the writer’s attention during our 
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big fire of 1904. We were obliged to send to Syracuse and Buffalo 
for assistance, but on the arrival of the outside companies it was 
found that their hose couplings would not fit our hydrants. Only 
after a very costly delay were the proper reducers secured and 
adjusted. The question arose, at that time, of adjacent eities 
adopting a uniform size for hose couplings and hydrant connec- 
tions. I think this is a question which might properly come before 
this convention. 
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COBB’S HILL RESERVOIR, ROCHESTER, N. Y. 


BY JOHN F. SKINNER, PRINCIPAL ASSISTANT CITY ENGINEER, 
ROCHESTER, N. Y. 


[Read September 22, 1910.] 


This reservoir was proposed in 1891 by Mr. Emil Kuichling, 
then chief engineer of water works, not only as a distributing reser- 
voir, but for providing additional storage close to the city, against 
an interruption in the operation of the conduits. 

When Conduit II was constructed in 1893 and 1894, a branch 
was left for later connecting it with Cobb’s Hill Reservoir: Ten 
years later, in 1903 and 1904, 60 acres of land was acquired on the 
hill at a cost of $123000. The property was valuable, as at that 
time it was the best available sand and gravel deposit near the city. 

Plans for a reservoir to contain 144 million gallons were prepared 
and the contract was awarded, July 20, 1905, to Denniston & 
Co., of Rochester, for $390 805. There were ten bidders, five 
above and five below the engineer’s estimate of $475000. The 
work was let at unit prices, ten items appearing in the bidding 
sheet. As usual in such construction, some additional work de- 
veloped, so that the final estimate amounted to $504 778.76. 

The highest part of the hill was wooded and had to be cleared. 
A shallow valley occupied a portion of the center of the hill, and 
the higher ground on each side of this valley was utilized for the 
embankments. 

The reservoir is about 1 500 ft. long by 600 or 700 ft. in width. 
It is an irregular ellipse and often referred to as the shape of a 
baby’s left foot, the hollow on the north side indicating the position 
of a gravel pit about 120 ft. deep. This pit was refilled, but the 
reservoir embankment was kept on original ground in all but two 
places, — a small pit at the east end and a larger area at the mouth 
of the natural valley, above referred to, at the west end, just 
south of the location of the gatehouse. This valley was filled 
with selected material and rolled in 4-in. layers, making a very 
compact foundation for the reservoir wall. A tower was con- 
structed at the west end overlooking the work, from which monthly 
photographs of progress were taken. The excavation was done 
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by steam shovel and cars and, in general, the material was ideal 
for this kind of work. 

The reservoir was lined with concrete throughout. The bottom 
consisted of a 3-in. course of concrete laid continuously in long 
strips, for convenience about 14 ft. wide; to this the waterproofing 
was applied, consisting of six moppings of hot coal tar pitch and five 
layers of single-ply coal tar felt. Above this came the top layer 
of concrete 6 in. thick, laid in 12-ft. squares with pitch joints. 

In anticipation of the cracking of the lower layer of concrete 
directly beneath the joints in the upper layer (due to change of 
temperature in the water), which might result in a fault and a 
rupture of the waterproofing layer, the lower layer of concrete 
was thickened to 6 in. beneath the joints in the upper layer, and 
steel reinforcement was placed transversely to the line of the joint 
in this thickened portion. An interesting laboratory experiment : 
extending over a long period, with the temperatures changed 
artificially, indicated this method of treatment. 

The reservoir wall, constructed in separate blocks of mass 
concrete, 20 ft. in length, rests upon a foundation course about 
18 in. in depth, laid in blocks 10 ft. long. The transverse joint 
between the foundation blocks was offset 6 in. from the joint 
between the wall blocks, so that a reduction in the length of a 
wall block, due to contraction, would not crack the foundation 
block beneath the joint. The waterproofing of the bottom of the 
reservoir was carried under the toe of the wall for 2 ft., but at the 
joints between the wall blocks it was carried 3.5 ft. further to 
connect with the stop-water or key-way between the wall blocks. 
This key-way consisted in a channel 8 in. square, set diamond- 
wise 1 ft. from the face of the wall, half in one block and half in 
the next. This opening was filled with clay and sand, rammed with 
a light pile driver specially constructed for the purpose. These 
20-ft. wall blocks contained 106 cu. yd. of concrete. A central 
passage was left through the wall, which saved about one cubic 
yard per linear foot. This passage is for inspection, the wall being 
3.5 ft. in thickness both in front and back of the opening. 

A telltale pipe 1 in. in diameter was built into the foundation 
blocks every 20 ft., opening at one end into the tunnel passage and, 
at the other end, into the sand and gravel beneath the toe of the 
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foundation block, the purpose being to indicate by a jet of water 
into the tunnel if a break occurred in the lining near the foot of 
the wall. Up to the present time no indication of this kind has 
been recorded. This tunnel is 7 ft. high and is lighted by electri- 
city. The leakage through the joints in cold weather amounts to 
about 20000 gallons per day; in warm weather, it is scarcely 
appreciable. Recent gagings show less than a gallon per minute 
for the 3 600 linear feet of wall. : 

It was originally intended to make a concrete of screened sand 
and gravel, but early in the work this was changed to run-of- 
bank, the latter being uniformly good. Volumetric measurements 
of voids in the material were made daily during the construction 
of concrete, and it was found that one bag of cement to 6 cu. ft. 
of sand and gravel produced a concrete a trifle denser than an 
artificial mixture of 1 part cement, 2} parts sand, and 5 parts 
clean gravel. 

The wall blocks were generally built in two shifts, no stop being 
allowed until 2 ft. above the top of the tunnel, though some blocks 
were made in a single shift. They were built alternately, the 
intermediate blocks being constructed after the first forms had 
been removed. The concrete was prepared in a Hains’ mixer, 
dumped into 1l-yd. buckets on cars hauled by locomotives, and 
then handled by a McMyler crane. Ten forms were built for 
the wall blocks and used repeatedly, as 180 blocks were constructed. 
The material was brought to the mixer on a belt conveyor, and 
- the concrete for the bottom was hauled on an industrial track 
by a home-made gasoline motor. 

As the reservoir bottom and banks were so securely built, it was 
thought best to protect the weakest spot, viz., where the 36-in. 
cast-iron inlet pipe and the two 36-in. cast-iron outlet pipes pass 
from the gatehouse beneath the high bank at the west end of the 
reservoir. This was accomplished by constructing a concrete 
pipe gallery 126 ft. long beneath the bank, leaving openings in 
the heavy roof of sufficient size to admit a 12-ft. pipe in case of 
repairs. The 36-in. inlet pipe is laid through the gatehouse and 
into the reservoir, resting on saddle blocks on the reservoir bottom. 
It passes through the fountain chamber in the center of the reser- 
voir, which contains a 24-in. riser for the fountain, and just beyond 


| 
. 
: 
i 


PLATE II. 

N. E. W. W. ASSOCIATION, 
DECEMBER, 1910. 
SKINNER ON 
COBB’S HILL RESERVOIR. 


; Fie. 1. 
WATER BEING LET IN FOR THE First TIME THROUGH SUBMERGED INLET. 


OL 
PUBLIC WORKS 
COBB'S HILL RESERVOIR 


CONCRETE RETAINING WALL 


KINING OF GOTTOM 


TRANSVERSE SECTION 


Fie. 2. 
Cross-SECTION OF RESERVOIR WALL. 


Care 
es 


4 
ety: 

. 

. 


SKINNER. 501 


the riser a 36-in. hydraulically operated gate. The pipe then con- 
tinues to a submerged discharge located in the center of the circular 
east end of the reservoir. By closing the ‘‘ fountain gate,”’ the foun- 
tain is put into operation. By opening this gate, the water passes 
the fountain and enters the reservoir through the submerged 
discharge. 

The reservoir bottom is in general level (with the exception 
of very slight slopes to facilitate drainage) to a line 50 ft. distant 
from the toe of the wall. From this line it rises on a 10 per cent. 
slope to the toe of the wall. This detail did not decrease the 
total capacity of the reservoir a great deal, but did materially 
‘reduce the quantity of masonry in the wall blocks. 

The gatehouse substructure is built in the bank at the west 
end, projecting a little in front of the wall into the reservoir. 
There are six openings in the front wall, one high and one low 
2- by 4-ft. gate into each screen well, a 2- by 4-ft. waste gate at the 
lowest point, and an arched opening to the overflow chamber, 
ordinarily submerged. The overflow chamber is provided with 
a spillway 13 ft. long over which high water may waste directly 
into a storm water sewer. The gate chambers are immediately 
back of the screen wells and below the surface level of the water. 
The gates, made by the Rensselaer Manufacturing Company, are 
operated hydraulically and can be operated manually by engaging 
a loose nut in the thread of the rising stem through bevel gears. 
The tunnel through the reservoir wall is entered from the gate- 
house so that inspection can be readily made. 

Water was first let into the reservoir October 19, 1908, and the 
reservoir was completely filled by the following January. On 
the 8th of April, a 60-mile:gale blew from the west, throwing con- 
siderable spray over the bank. It was gratifying to note that 
the solid wave did not, in any case, mount the wall, the reservoir 
being full and the top of the coping being 3 ft. above high-water 
level. On the 13th of April, a 30-mile gale blowing from the 
south also agitated the surface considerably. 

The superstructure of the gatehouse was constructed of Barre 
granite with a green tile roof. A portico was suggested, as the 
property is to be used as a park and this porch can be used as a 
shelter. At the foot of the hill, on Monroe Avenue, a by-pass 
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house was constructed. In it are duplicates of the gates in the 
gatehouse, as well as by-pass gates for cutting the reservoir out of 
operation. 

A public comfort station is nearing completion on the brow of 
the hill near the gatehouse. It is built low and will be secluded 
with shrubbery. 

In June, 1909, the water was lowered to make a repair on two 
of the wall blocks in which it was found that excessive tamping 
of the clay in the joint had cracked off the face. The cement was 
rather slow setting, and although the concrete was excellent, it 
had not yet attained sufficient strength to stand the ramming 
when the clay was put in. 

As the grounds are open to the public, a steel picket fence 6 ft. 
high was constructed around the reservoir. The fence is built 
upon a 2-ft. coping, and the sloping bank inside of the fence is 
paved with concrete down to the reservoir wall coping. Out- 
side of the fence, an 8-ft. concrete sidewalk has been constructed, 
and a row of pine trees set 16 ft. apart. The slopes have been 
seeded and driveways constructed, making a beautiful pleasure 
ground with a sightly outlook over the city. Incandescent lamps 
have been installed above the line of the fence as a protective 
measure as well as an addition to the park. 

Five specially designed balanced valves for operating the hy- 
draulic gates have been placed in a glass case in the gatehouse, 
and a gage has been devised for exhibiting at all times the level 
of water in the reservoir and in ‘the screen wells. This is accom- 
plished by partially exhausting the air above the water surface 
in the gage glasses. 

The area of the water surface in the reservoir, when filled, is 

18.6 acres, and the maximum depth of water is 25 ft. Its contents, 
as stated above, is about 144 million gallons. 
_ Mr..Frederic P. Stearns was consulted in the preparation of 
the plans and specifications, and Messrs. Dow & Smith were 
retained in connection with the pitch waterproofing, and Olm- 
sted Brothers in connection with the landscape work. 


The reservoir has been in constant operation since its con- 


struction and has roe satisfactory both in design and work- 
manship. 


. 
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THE PURIFICATION PLANT OF THE ROCHESTER 
AND LAKE ONTARIO WATER COMPANY, 
ROCHESTER, N. Y. 


BY JAMES M. CAIRD, CHEMIST AND BACTERIOLOGIST, TROY, N. Y. 
[Read September 21, 1910.] 


The power and purification plant of the Rochester and Lake 
Ontario Water Company is located on the shore of Lake’ Ontario, 
about one and one-fourth miles west of the village of Charlotte, 

Lake Ontario, the inexhaustible source of supply, is 180 miles 
long, 60 miles wide, with an area of 6 300 square miles. The great- 
est depth is supposed to be about six hundred feet, while the rise 
and fall is about fifty-four inches. The drainage area, within 
New York State, is 12 400 square miles, or about one fourth the 
_area of the entire state. . 

The intake, which is about one and one-fourth miles west from 
the lighthouse pier at the mouth of the Genesee River, is of 24-inch 
cast-iron pipe extending four thousand feet from the shore in 
water forty feet deep. 

The plant was placed in operation on the fifteenth day of De- 
cember, 1904, and daily records have been kept since January, 
1905. In January, 1905, the total pumpage was about one million 
gallons per day, while at the present time the average pumpage 
is over four million gallons per day. 

' The water is sold in a part of the city of Rochester and to sev- 
eral suburbs thereof. All water is sold by meter, there being at 
the present time 2000 meters in use. The distribution system 
is composed of about forty miles of mains, the sizes of which range 
from four to twenty inches. 

The power for operating the plant is obtained from three water 
tube boilers of three hundred horse-power each. Previous to the 
autumn of 1907 the lake water flowed direct to the suction of the 
high-duty pumping engines which forced the water through the 

’ filters and into the distribution system. There are two high duty 
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cross-compound Corliss fly-wheel type pumps, each of three mil- 
lion gallons daily capacity. 

The filter plant consists of eight pressure filters, each 8 feet 
diameter and 25 feet long, having a sand area of 200 square feet 
each, or a total of about one twenty-seventh of an acre. There is 
a pressure of 235 pounds on the filters. They are washed when 
they show a frictional resistance of 15 pounds. About two and one- 
half per cent. of the water filtered is used in washing the filters. 
When the filters are cleaned the frictional resistance is about 
four and one-half pounds when operating at the rate of 81 million 
gallons per acre per day. A resistance of 7 pounds is shown when 
operating at the rate of 148 million gallons per acre per day. 
The sand in the filters is about 3 feet in depth, has an effective 
size of .46 mm., uniformity coefficient of 1.51, while 60 per cent. 
is finer than 74 mm. 

A standpipe which is 15 miles from ee pumping station is used 
as a storage reservoir. This standpipe is 150 feet in diameter and 
20 feet deep, having a capacity of 2 640 000 gallons. 

Lake Ontario is subject to severe storms, and at such times the 
water becomes quite turbid and contains large numbers of bacteria. 
When the lake became turbid from a storm it was impossible to 
remove the turbidity by the filters, although the bacterial effici- 
ency was satisfactory, as the coagulant did not have sufficient time 
to entangle the finer particles which made up the turbidity. To 
overcome this condition a coagulation basin was installed and 
placed in operation in the autumn of 1907, since which time no 
trouble has arisen from turbidity of the filtered water. This 
coagulation basin, which is of wooden construction, is 6 by 48 
by 201 feet and contains about 430 000 gallons. The installation 
of the coagulation basin has resulted in the saving of water used 
for washing filters, while the total bacterial efficiency of the-plant 
is somewhat higher. The water is lifted by a low lift pump to the 
coagulation basin and flows by gravity to the suction of the high 
duty pumps. It is not necessary to operate the coagulation basin 
when the turbidity of the lake water is below 10 parts per million. 

Several tests of the plant were made. before the basin was in- 
_ stalled, the average bacterial efficiency being 87.38. per cent. During 
these tests all samples of the unfiltered water contained the coagu- 
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lant, as no provision had been made whereby samples of the un- 
treated lake water could be obtained. Since the installation of the 
coagulation basin provision has been made so that it is now possible 
to obtain samples of the raw water before the coagulant has nies 
added. 

Sulphate of alumina is used as a coagulant; at times ‘lites 
hypochlorite is also used. The use of the calcium hypochlorite 
has greatly reduced the cost of operation, while at the same time 
the high bacterial efficiency is maintained. Thé average amount 
of sulphate of alumina used is about 0.7 grams per gallon, equal 
to about 100 pounds per million gallons of water. The average 
amount of calcium hypochlorite used is .048 grams per gallon, or 
about 6 pounds per million gallons of water. In 1907 a building 
was erected for the chemical tanks, storage room, and laboratory. 
The coagulants are dissolved in wooden tanks, 5 feet in diameter 
and 15 feet high, and are applied to the raw water through garity 
orifice feed boxes. 

Some trouble, due to the odor and taste produced by alge in 
the raw water, has been encountered in the operation of the plant. 
At the time of the alge troubles the following organisms were found 
in the raw water in large numbers. 


‘September, 1907. January, 1909. February, 1910. 
Dinobryon. Cymbella. Cocconema. 
Navicula,. Fragilaria. Cyclotella. 
Synedra. Synedra. : Synedra. 
Cosmarium. Eudorina. Microcystis. 
Crenothrix. Crenothrix. Crenothrix. 
Volvox. Cladothrix. Volvox. 
Nitzschia. Stephanodiscus. 

Asterionella. Asterionella, 
Anabena. Himantidium. 
Tabellaria. Cocconeis. 
Ceelastrum. 


It is to be noted that the alge gave trouble during the winter 
months on two occasions. To relieve the trouble due to the alge, 
copper sulphate has been used with good success. 

At the time of the alge trouble of February, 1910, an attempt 
was made to treat the growth with calcium hypochlorite, but the 
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results were not satisfactory. Sufficient hypochlorite was used so 
that the treated water gave the reaction for free chlorine. 

Commencing with April, 1909, daily chemical and bacterial 
examinations of the water from various parts of the system have 
been made, the work being in charge of Mr. John F. Amos, chief 
engineer. 

The composition of Lake Ontario water during the year (April 
1909 — 1910) was as follows. 


REsvULTs IN Parts PER MILLION. 


The bacterial efficiency of the plant during the year was as 
follows: 


Bacteria removed by basin 89.28 per cent. 
Bacteria removed by filters 
Bacteria removed, total 


Calcium hypochlorite.was used during part of the year. 

The average bacterial efficiency of the plant during April, May, 
June, and July, this year, was 99.23 per cent. 

The filtered water is always free from color and turbidity, the 
efficiency in this respect being 100 per cent. During the year, 
1017 samples of 1 c.c. each of the raw water were examined for 
B. Coli-communis; 293, or 28.8 per cent., gave positive results. 
Of the 758 samples of 1 ¢.c. each of the settled water examined, 
31, or 4.0 per cent., gave positive tests for B. Coli-communis. 
Of the 1 020 samples of 1 c.c. each of the filtered water examined 
for B. Coli-communis, 34, or 3.3 per cent., gave positive results. 

The purity and value of the water may be inferred from the 
fact that the typhoid fever death rate among the consumers of 
the filtered water is very low, and that the Eastman Kodak Com- 
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pany use the water in their delicate photographic work, as do 
also the New York Central Railroad, the Buffalo, Rochester & 
Pittsburg Railroad, and many other large consumers, for boiler 


purposes. 


DISCUSSION. 


Joun F. Skinner, Esq.* I visited the pumping station and 
filter plant of the Rochester and Lake Ontario Water Company, 
a number of years ago, and found it an extremely. interesting 
plant. There is one matter, however, that I would like to call to 
Mr. Caird’s attention, and ask if it has come to his notice. In 
Fairport, a village about ten miles from here, one large factory, and 
I think several others, are supplied with this water; some typhoid 
has developed in the past in this village, and the doctors, I under- 
stand, lay the typhoid to this filtered water, as the patients gen- 
erally, it is stated, have been employed in places where this water 
is used. There is a case at the present time, in one of the hos- 
pitals in this city, coming from Fairport, and it is alleged to have 
been due to this water. I would like to ask Mr. Caird what he 
has to say about it. 

Mr. Cairp. I might say that about two years ago I came here 
and investigated some cases of typhoid fever which originated at 
Fairport, as I understood. Of course we supply other villages 
beside Fairport, but we found no typhoid fever in the other places. 
They get the same water, and I felt that if the typhoid was due 
to the water it would have shown up all along the line. As you 
know, there is a long line of pipe, and there are several fair-sized 
communities which receive this water. Typhoid fever is a very 
hard thing to trace to its origin, particularly when we have only 
one case. Then again, it is just the close of the vacation time 
now, when we generally expect typhoid fever will develop. I 
have not heard anything about this last case which the gentleman 
speaks of, and of course know nothing about its history. One 
needs to have a pretty full history of a case before deciding its 
source, for if there is but one case there is very little to work 
on. 


* Assistant City Engineer, Rochester, N. Y. 
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Dr. Rosy.* If any of you have attempted to trace an epidemic 
of typhoid, or even a few cases, you know how difficult it is to do 
it. The patients themselves are very ignorant about the cause 
of their disease, and they most always think it is due to the plumb- 
ing or to anything rather than the real cause. I was in Lockport, 
the.other day, visiting a boy who had typhoid, and I think I asked 
him the question seven times before I could finally get out of him 
that he had been on a farm before the two weeks’ time after which 
he should have come down with the fever. For six times he denied 
absolutely that he had been out of Lockport, but the seventh 
time he acknowledged he had been on this farm. 

As Mr. Caird just said, if this water carried the typhoid, we 
ought to find it all along the line. There has not been a case, — 
and I have looked up, I think, every single reported case which 
has occurred in Rochester in the last fourteen months, traceable 
to Ontario water. I will not say anything about Fairport except 
that if cases have occurred in Fairport, they ought to have oc- 
curred in Brighton (part of Rochester) and in the other com- 
munities which use the water, if the Fairport cases were due to it. 
It is impossible to imagine that they would all be located in one 
town. Iam very positive there hasn’t been any case in Rochester 
which could be traced to Ontario water. 

We have a very interesting epidemic of typhoid at this moment. 
There is a bay down here on the lake shore, and dotted all around 
this bay are a lot of summer resorts. We have had, I suppose, 
fifty cases of typhoid fever reported since the 1st of July. Every 
single case which has been reported, with the exception of about 
four or five, have been to some other place. For example, one 
case was infected in Pulaski, another case in Erie, and other cases 
in Buffalo, and so on, until you have a residual of about thirty 
cases, and almost every one of those thirty cases within two weeks 
previous to the time when they came down — that is, the time 
within which the disease would show itself — had been to this 
little bay. They had not all been to any one spot on the bay, but 
some had been to Sea Breeze, and others to other places. My 
only explanation of the thing is that the bay water itself is in- 
fected, but not badly infected, and that in some way or other these’ 
N. Y. 


* Of the Health Bureau, Rochester, 
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people got the infection out of the bay. The orphan asylum 
people went up to the bay with ninety children, on the 3d of August, 
and on the 17th of August the first and only case came down. 
I could not find that the child had done a single thing different 
from the rest of the ninety, yet I am quite positive that the child 
was infected at Sea Breaze, because we have had seven other cases 
infected at Sea Breeze. So far as the filtered water is concerned, 
I am perfectly satisfied that there never has been a case of typhoid 
traced to it. 

Mr. Carrp. I might state, in connection with the examination 
of the water, that at times we are using hypochlorite, and we see 
bacterial plates which remain sterile. I do not believe in a hun- 
dred per cent. removal of bacteria, and if the plates are sterile we 
record at least one per cubic centimeter. Of course a cubic cen- 
timeter is a pretty small quantity to examine; and we don’t want 
to say that the filters remove one hundred per cent., and so we 
put down at least one for every sterile plate. The bacteria in 
the filtered water during the last three or four months averaged 
two or three per cubic centimeter. 

‘Mr. W. C. Hawtey.* There is one thing in Mr. Caird’s paper 
which struck me particularly. I understood him to say that the 
floating of that partition baffle wall had no injurious effect upon 
' the operation of the sedimentation basin. Is that correct? 

Mr. Cairp. That is correct. Our bacterial average remained 
practically the same. 

Mr. Hawtey. That is very interesting and very instructive. 
About eighteen months ago we started to construct a mechanical 
filter plant. One of the important adjuncts to that plant were 
sedimentation basins. We asked for proposals from various 
manufacturers of filter plants, simply giving them our conditions 
and asking for certain results from the plant, which they might 
design themselves. Each of the plans which were submitted had 

elaborate schemes of baffles in the sedimentation basins. We 
objected to those on the ground that there were more or less dead 
spaces where the water would stand, and there would be places 
where the velocity would be considerable. We finally, under the 
advice of our consulting engineer, did away with all the baffles 


* Engineer and Superintendent Pennsylvania Water Company, Wilkinsburg, Pa. 
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except one midway in the sedimentation basin at right angles 
to the direction of flow, and so far our results are all that we would 
expect. The two sedimentation basins are each about 60 ft. 
wide, 150 ft. long, and about 20 ft. deep. I believe that this mat- 
ter of baffling has been overdone, and this is confirmed by Mr. 
Caird’s experience. 

THE PresipENT. I should like to ask Dr. Roby if at real 
resorts on the bay, which he spoke of, they drink the bay water. 

Dr. Rosy. No, they do not. That is the only explanation I 
can give why the cases have not been widespread. If there was 
a well which was infected, which was in common use, it seems to 
me that we would have very much more typhoid. I may be 
wrong about it, of course, but the only way I can figure it is that 
either a few people have gone in bathing in the bay itself and have 
swallowed water accidentally, or a milk can has been washed in 
the bay water and one or two typhoid organisms have been left 
in the can, and they have grown in the milk, and some particular 
person has happened to get the milk, or something of that sort. 
People very seldom use the bay water; they use spring water. 
The only thing which was in common, at these different points 
on the bay, in all the cases, was the bay water; and that is why I 
thought it must be the bay water. All the cesspools drain right 


into the bay, and besides that, the bay has a drainage area up. 


through the country. Last year we had no cases from the bay, 
but it seems that some typhoid carrier has gotten the typhoid 
organisms into the bay water this year, when they didn’t last year. 

Mr. Kuicuuine.* I should like to inquire of the doctor 
if flies might not have played a very important réle in these cases 
of which he speaks. Every one who has ever seen a children’s 
picnic knows that there is ample oportunity for that kind of in- 
fection, as the places where the little ones seek relief in the brush 
are usually not far from those where food is served; therefore the 
probability that the food was infected by flies is a good deal 
stronger than that this large body of water became infected from 
any point on the watershed. 

- Much is said about water carrying typhoid fever germs to ‘great 
distances, and it is very convenient to attribute an outbreak of 


* Consulting Engineer, New York, N. Y. 
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fever to infected water. We should consider, however, that as 
water-works engineers, we have the same right that medical men 
exercise when they step over into the domain of some other pro- 
fession and say, “Oh, you are all wrong; you must accept our 
standards; we are a great deal better able to judge of this than 
you are.” Turn about is fair play, and I only suggest that there 
are limitations in medical and sanitary science, just as there are 
limitations in chemical and mechanical science. 

It is therefore necessary to eliminate serupulously all other pos- 
sible sources of infection before fixing the blame upon one par- 
ticular source. If there is anything in the fly theory, surely flies 
are very liable to have caused the trouble at the picnics mentioned. 

Mr. Carrp. I might add that I had an interesting experience 
last summer. Twenty-three cases of typhoid fever came up in a 
certain place within a week or ten days. Of course, as usual, the 
water supply was blamed. The doctors had it all fixed, only they 
didn’t have any history of the cases. The first thing I did was 
to get the history. I found that every one of these persons had 
been camping up the river and that they were all in the habit of 
going into the river to bathe. Ten miles up the river there is a 
city of 18000 inhabitants, and I found 12 cases of typhoid fever 
up there. Of course the sewage from that city went into the 
river. Upon investigation I did not find one of those cases where 
the family admitted, or the patient admitted, that the physician 
had given any instructions as to what to do with the stools, and 
so they were just dumped into the toilet and washed right down, 
without any germicide being used at all, and came down the 
river where these men went in swimming. That illustrates the 
importance of the treatment of the discharges from typhoid 
patients, for if they are put into the sewer they are liable to 
cause trouble unless they have been treated, and treated properly. 

Mr. R. W. Post. There is an outhouse within fifty feet or so 
of one of the main picnic tables at Sea Breeze. 

Dr. Rosy. In answer to Mr. Kuichling, I will say that I am 
not by any means sure of my conclusions, and I did not mean to 
say that I was sure. But I think the chances are that the source 
of contagion was the bay water, because it seems to me difficult 
to imagine that all these places, which are some distance apart, 
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could be infected, for instance, by flies from a common source. 
I doubt whether flies would get as far as from Sea Breeze across the 
bay and to these other places. Of course they might, —I sup- 
pose it is within the range of possibility, — but I doubt it; and 
the only thing in common is the bay water. I have looked up the 
milk supply, and it is different in the different places. The water 
that they drink is different at all these different places, and the 
only thing in common is the bay water itself. That is the reason 
I arrived at my conclusion, but perhaps it is a wrong one. 

Mr. Catrp. May I ask the doctor if he finds that people when 
they do have a case of typhoid pay much attention to the dis- 
charges of the patient. 

Dr. Rosy. I think they do, but I don’t, believe you can ever 
control it in that way, for this reason: the patient may not go to 
a physician for a long time, and it may. take the physician quite 
a long time to make his diagnosis. 

Mr. Leonarp Mercatr. I should like to ask Mr. Hawley 
to say one word with reference to the method of introducing the 
water into their sedimentation basin and taking it off, for it seems 
to me that is important as well as the method of baffling. 

Mr. Hawtey. The water is introduced at one end of each 
sedimentation basin through a number of 8-in. vertical pipes, 
which discharge about a foot above the surface of the water on to 
a floating plank platform. There is a strip of 2- by 4-in. timber 
on the side of the platform towards the basin. The water flows 
back toward the end of the basin, thus disturbing the water in the 
basin as little as possible. It then flows to the other end of the 
sedimentation basin, passing under the reinforced concrete 
baffle wall. The water has to dip down under and come up the 
other side, and then is taken out at the other end of the basin into 
a trough through a number of rectangular holes about eight inches 
square, placed all along the trough for the whole width of the 
basin and about a foot below the surface of the water. 

Dr. J. Rosy (by letter). Since the above report was made, it 
has been discovered that the domestic water supply of Rochester 
furnished by Hemlock Lake has been contaminated over a certain 
section of the city. There are two systems in use here: the Hem- 
lock domestic service, depending on gravity for its force and usually 
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having a head of about 58 lb.; and the Holley system, taking water 
from the river for fire purposes. In some way or other the gate 
connecting these two services was left open and consequently 
the river water was pumped into the Holley mains. When this 
was discovered, it was found that apparently only that part of 
the city lying north of Allen Street and west of the river (about 
one fourth of the area of the city) showed contamination of the 
water. None of this water showed contamination by colon 
bacilli when tested, but as it has been going on all summer — 
and as some twenty cases of typhoid have developed right in this 
region and explainable by no other cause — it seems safe to say 
that at times this water contained typhoid bacilli. 

Some of the cases previously ascribed by me to contamination 
at the bay were undoubtedly infected by this water, but I am 
inclined to think that there is, or was, contamination of the bay 
water also. As this section of the city has a population of some 
40 000 to 50 000 people, it seems also evident that a large body of 
water may be contaminated in some spots and not in others. 
In fact, it seems to me highly probable that a mass of fecal ma- 
terial containing typhoid bacilli might remain undissolved for 
some time and only infect a few cubic feet of water in its imme- 
diate vicinity. Much further study will be necessary in this case; 
but it seems to me now that these are safe conclusions. The 
typhoid in Rochester this summer has come from four sources: 

1. Those evidently infected out of town. 

2. Those who did not live in the suspected area but had been 
to the bay, and were probably infected by bay water. 

3. Those who had not been out of the city at all but who cer- 
tainly drank the suspected water. 

4. Those infected by contact with other cases, as nurses at 
hospitals. 


er, 

: 
; 
: 

4 
: 


STEEL PIPES FOR WATER WORKS. 


STEEL PIPES FOR WATER WORKS. 


BY E. KUICHLING, C.E. 
[Read September 22, 1910.] 


The subject of steel pipes for water works is attended with 
so many theoretical complexities that it becomes necessary to 
be governed largely by the results of the closest observation of 
such structures in as many different localities as possible. 

The chief reason for this empiricism lies in our lack of exact 
knowledge relating, firstly, to the chemical composition of the 
metal and its durability when placed in various kinds of soils, and, 
secondly, to the magnitude of the external forces which act on the 
pipe after being laid and placed in service. Although much has 
been printed in regard to these features, there is still room for 
extended scientific investigation in consequence of important 
contradictory evidence on vital points, and it is the purpose of the 
writer to bring some of these to your notice. 

Steel pipes are of quite modern origin, as the use of soft steel for 
making boilers and tubes began in this country only about 30 years 
ago. Previous to that time wrought iron was generally employed 
for these purposes, but unfortunately its use for making large pipes 
for the conveyance of water and sewage was very limited, owing 
doubtless to its greater liability to corrosion than cast iron. Prior: 
to 1870 it had been adopted for permanent works in a number of 
places where the liquid was carried under high pressure, and also 
where rigid foundations could not be secured readily, as in deep 
valleys, river and canal crossings, bogs, etc.; and in these cases 
efforts were made to provide the wrought iron with protective 
coatings of various character. Of its use for temporary con- 
struction, no mention need here be made. 

With the growth of municipalities and the corresponding de- 
velopment of public water supplies, it gradually became necessary 
to make pipes of considerably larger size than formerly. To meet 
this demand, cast-iron pipes having a diameter of 6 feet were pro- 
duced in a few foundries, but it was soon.found that their strength 
was inadequate for ordinary service, and if made sufficiently thick 
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their cost would be much more than that of a suitable riveted 
wrought-iron pipe. Equality of cost for equal strength was also 
found to occur at diameters of from 2 to 4 feet, depending on the 
respective market prices of the two metals, even if the acknowl- 
edged greater durability of cast iron was taken into consideration 
liberally. 

Although the advantages of large wrought-iron pipes over 
those of cast iron, from the standpoints of economy and original 
strength, were early recognized, yet the lack of knowledge of 
trustworthy means of preventing corrosion was the principal 
obstacle to their general use. A great number of preservative 
coatings and processes were devised, but none of them seems to 
have been entirely satisfactory, and for this reason cast-iron pipes 
were generally preferred by hydraulic engineers in cases where the 
required diameter was moderate and the utmost economy was not 
imperative. Under other conditions an astonishing number of 
large conduits have been built during the past 40 years of wrought 
iron and soft steel plates, and it becomes of great interest to learn 
something of their present condition. 

A long list of such conduits is here omitted to save time and 
space, and of their condition comparatively little has come to the 
writer’s knowledge, except that none appears to have been com- 
pletely destroyed by corrosion. More or less damage from this 
cause, however, has been reported in a few cases, and particularly 
where the metal was steel. The old wrought-iron pipes seem to 
have given relatively little trouble, and for this reason, as well as 
from many similar observations in various other metallic structures, 
the opinion that wrought-iron possesses inherently a much greater 
resistance to rusting than soft steel is rapidly growing, notwith- 
standing that numerous experiments to the contrary have been 
cited in many papers and treatises written by eminent modern 
metallurgists. 

In support of this opinion, the writer ventures to cite a few 
experiences. For reasons of economy in the construction of the 
original water works of the city of Rochester, N. Y., it became 
necessary during the years 1873-5 to make use of a large quantity 
of 36-inch and 24-inch riveted wrought-iron pipe, ranging in 
thickness from } inch to a little more than } inch. Much care was 


= 
2 
me 


516 STEEL PIPES FOR WATER WORKS. 


taken to provide it with a thick bituminous coating; but in the 
course of transportation this coating suffered considerable damage, 
which was sought to be repaired in the field. In 9.62 miles of 
36-inch pipe, 3g inch thick, no perforation of the sheets by rusting 
occurred until 1894, when 26 small holes were plugged, several 
holes being found occasionally in a single plate. In 1896, 18 more 
holes were plugged under like circumstances; in 1899 and 1900, 
10 additional holes appeared, and since the latter year no more 
have been reported; total in 36 years, 56 small holes, none more 
than } inch in diameter, and all easily stopped without interrupting 
the flow through the pipe; probable number of damaged plates 
or sheets, 25 or 30; total number of plates used in the line, about 
11 300; pipe laid mostly in clayey soil. The coating was a mixture 
in nearly equal proportions of refined Trinidad asphalt and coal-tar 
pitch. 

In 2.93 miles of 24-inch pipe of the same conduit, with thick- 
nesses of 33; and } inch, only a very few perforations by rust have 
been reported as occurring in 1894. The most interesting case, 
however, is that of the 24-inch riveted wrought-iron feed pipe of 
the Holly direct pressure system in the same city, which was laid 
in 1874 for the purpose of carrying an alternate supply of impure 
river water to the pumping station. Its length is about 3 300 feet, 
and its thickness is a little more than } inch. Like ‘the aforesaid 
conduit, it was protected by a bituminous coating. The water 
pressure is insignificant and the supply is utilized during only a 
few days in each year, when the race, or water-power canal, from 
which the normal supply to the plant is taken, is emptied for 
general repairs. During the rest of the time the pipe is empty and 
drained by a 6-inch blow-off connection into a large sewer. The 
gases in this sewer are thus afforded access to the interior of the 
pipe in the vicinity of the blow-off. The street soil in which the 
pipe is buried for a length of nearly 2 000 feet, is rich in organic 
matter. Under these unfavorable conditions a long life for this 
section of the pipe was not expected. 

For 25 years no repairs were needed, and little was known of its 
actual state of preservation. In 1899, however, it was deemed 
expedient to examine it closely, and the greater part of said length 
of 2000 feet was fully exposed. The pipe was then inspected 
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closely by a number of thoroughly experienced metal workers, 
and was found to be so little corroded that its contemplated re- 
placement with cast-iron pipe was regarded as unnecessary. It 
was accordingly left in place after applying a fresh coating of hot 
asphalt and coal-tar pitch to the exposed external surface, and has 
remained in good service up to the present time, with a life of 36 
years. 

In 1873 the writer investigated the condition of a number of 
3-inch and 1-inch wrought-iron gas service pipes in Rochester, 
which had remained undisturbed in the ground for more than 18 
years. None of these pipes had received any preservative coating, 
and in most cases the exterior surface was then found to be some- 
what corroded, but on removing the earthy crusts no deep pittings 
were observed. Several of them are still in place after a life of at 
least 55 years, the remainder having been removed when the 
dwellings were replaced by commercial buildings that needed larger 
supply pipes. It also is very probable that a search of the records 
kept by the gas companies of our cities would reveal a multitude 
of similar instances. 

Mention of numerous other observations of like character by the 
writer is here omitted for lack of space, and in contrast thereto a 
few of his experiences with soft steel pipes will be cited. The second 
conduit of the Rochester water works was constructed in 1893—4 
in consequence of the insufficiency of the former supply. Its 
principal feature is a riveted steel pipe 38 inches in diameter, 
nearly 26 miles long, and ranging in thickness from } inch to ? inch. 
Three different kinds of protective coating were applied to the 
metal in different sections of the work. The first one was a Cali- 
fornian asphalt or maltha, which appeared to be satisfactory and 
had been used very successfully in other localities, but soon showed 
signs of disintegration here; the second was a mixture of refined 
Trinidad asphalt and coal-tar pitch, like that which had been used 
on the old wrought-iron conduit; and the third was the baked or 
“japan ”’ coating which had meanwhile been devised by Prof. 
A. H. Sabin. 

The writer ventures to assert that the utmost care was taken by 
all of the city’s employees to secure the best quality of metal and 
coating, as well as good workmanship in the field; furthermore, 
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there was no indication, on the part of any of the contractors, of 
an intention to slight any part of the work or to use improper 
material or mixtures. The steel may therefore be regarded as 
representing the best metallurgical skill and experience available 
at that time, which was fully thirteen years after the art of steel 
making had been developed in this country to such an extent as to 
supplant the production of puddled wrought-iron on a large scale. 
The history of this conduit, however, shows that in spite of all the 
care that had been expended on its construction, serious corrosion 
of the metal began to appear in 1901, or only seven years after its 
completion. Perforation by rusting was then discovered in a 
number of plates at seven different localities in the two sections of 
pipe which had been coated with Californian and Trinidad asphalt. 
Examinations were also made in the same year at 25 other localities 
in the entire route where leakage had not yet appeared, and in 
some of the excavations more or less pitting of the steel was seen. 
The soil was mostly a stiff red and blue clay. 

A careful study of the problem was made by Prof. F. L. Kort- 
right, of Morgantown, W. Va., during 1901 and 1902. No corrosive 
acids or gases were found in considerable quantity in the soils and 
ground water, and the cause of the rusting was ascribed mainly to 
the action of mill scale, oxygen, and free carbonic acid, at points 
where the coating was defective. To remedy the trouble, he 
advised a thorough scraping of the metal and the application of 
two coats of mixed red lead and graphite paint, followed by two 
additional coats of mineral rubber paint or Truscon Special paint. 
The practice is to expose the pipe fully wherever extensive corrosion 
is discovered, scrape off the defective coating, and apply the said 
four coats of paints mentioned to the entire surface; the excavation 
and recoating process are then continued in both directions until 
all sign of rusting disappears. 

Up to the end of 1907, a total of 205 perforations of the steel by 
corrosion were found and repaired. All of these but one were in 
plates }-inch thick, and it is interesting to note that only about 16 
occurred in the plates made by the Pennsylvania Steel Company 
and protected by the Sabin coating, while the remainder occurred 
in the plates made by the Carnegie Steel Company and protected 
with Californian and Trinidad asphaltic coating. These figures, 
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however, do not indicate correctly the respective merits of the two 
metals, as the length of pipe made of Carnegie Steel Company 
plates } inch thick is somewhat greater than that made of 
Pennsylvania Steel Company plates of the same thickness; but 
it is certain that the latter plates eonibt a much greater resistance 
to rusting than the former. 

Both metals were prepared by the open-hearth process from the 
same specification, which required the impurities to be limited to 
the following percentages: Sulphur and phosphorus, each 0.06; 
manganese, 0.60. The physical tests called for a tensile strength 
ranging from 55000 to 65000 pounds per square inch, with 
an elastic limit of 30000 pounds, and an elongation of. 22.5 per 
cent. in a length of 8 inches; also for various tests as to cold- 
bending, punching, drifting, and forging. The inspectors reported 
full compliance with all of these requirements, but it may be of 
interest to remark that the analyses of the Pennsylvania Steel 
Company’s metal usually exhibited a considerably smaller per- 
centage of manganese than was contained in the product of the 
Carnegie Steel Company. In the light of recent investigations on 
corrosion, this fact may account for the much larger number of 
perforations that have appeared in the latter metal. 

The experience with the riveted steel conduit that supplies 
drinking water to the city of Portland, Ore., is very similar. This 
conduit is about 24 miles long, and varies in diameter from 42 to 
33 inches, with plate thicknesses ranging from ? inch to } inch. 
There are also several lines of smaller riveted steel distributing pipe, 
from 30 to 18 inches in diameter and from-} inch to inch thick. 
All of these pipes were made of eastern steel plates in 1895—6, under 
the same general specifications that were used for the Rochester 
conduit, and were well coated with Californian asphalt or maltha. 
After nearly nine years, leakage due to rust perforations appeared 
in a number of 35-inch conduit plates } inch thick, laid in clayey 
soil. On exposing the pipe for repairs, an extensive pitting of the 
metal was found, which led to an examination thereof in 1905 at 
many other points in the route, and the discovery of more damage 
of like character. Since that time perforations have occurred in 
plates } inch thick. 

In his report on the subject, dated November 27, 1905, the 
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engineer of the Portland Water Board, Mr. D. D: Clarke, states 
that the severest corrosion occurred where the pipe was laid in 
clay, and that little injury from rust was observed in sandy 
and gravelly ground. This implies that the moisture in the 
clay may be the principal cause of the active corrosion, but as no 
chemical examination of the clay was made at the time, it may yet 
be found that the composition of the metal is more at fault. Mr. 
Clarke also remarks that in all cases where thin modern riveted 
conduits have exhibited a long life, the metal was wrought-iron. 

Another interesting instance of the early corrosion of steel plates 
is also afforded by the 48-inch riveted steel force main of the New 
Bedford, Mass., water-works. The plates were all 7s inch thick, 
the length of the line is 8.25 miles, the coating was Californian 
asphalt, and the work was done in 1896. Trouble with electrolysis 
in the distribution system led to several close examinations of this 
steel pipe during the past nine years, although no perforations 
have yet appeared. The investigations made in 1901 showed some 
external damage by electrolysis at a certain locality. In 1908 and 
1909, the interior of the pipe was inspected, and it was found that 
the asphaltic coating had become very brittle, also that there had 
been a large increase in the number of tubercles since 1901. ‘The 
heaviest tuberculation was near the field-made joints, and was 
more intense on the bottom than upon the sides and top. Beneath 
the tubercles were pittings, many of which were from 0.075 to 
0.095 inch in depth. An abundance of large blisters in the coating 
was likewise found. These blisters were filled with water, but the 
metal underneath was free from rust and pits. 

In contrast with the preceding cases of rapid corrosion of steel 
plates, a number of instances might be cited where similar plates 
have apparently been much more resistant. The most. notable 
one is the 48-inch riveted steel conduit of the city of Newark, N. J., 
which was constructed in 1890-1, and in which many plates only 
} inch thick were used, the protective coating being Californian 
asphalt or maltha. This conduit is now 19 years old, and the 
writer has not learned that any perforations by rusting have yet 
occurred therein.* In the other cases of which the writer received 


* Since the reading of this paper, it has keen reported in Engineering Record of October 8, 
1910, p. 412, that a leak by corrosion occurred in the Newark 48-inch steel conduit in August. 
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favorable reports, the examinations were not very extensive and 
the plates were more than 3 inch thick. 

It is very evident from the foregoing that the thickness of the 
metal is a highly important factor in estimating the durability of a 
water pipe, whether the same be made of wrought-iron or soft steel. 
The statement is frequently encountered that the rate of corrosion 
reduces rapidly after a very thin film of metal on the surface has 
been destroyed by rusting, and that a great many years would be 
necessary to effect a loss of ;'g inch in the thickness of a plate. 
This may be true if the corrosion is of uniform intensity over the 
entire surface, but unfortunately, it generally happens that the 
action is localized so as to produce pits of more or less depth 
between which the metal retains its original thickness. A thin 

plate will accordingly give evidence of perforation much sooner 
than a thicker one, and thus lead to an earlier examination of the 
condition of the structure. 

The development of pits is regarded as proof that the metal is 
not homogeneous in composition; hence it follows that in dealing 
with mixtures or alloys, the different ingredients should be diffused 
as uniformly as possible throughout the entire mass. In the old 
method of fabricating wrought iron, such diffusion of unavoidable 
impurities was accomplished by the laborious process of puddling, 
but in the modern method of making steel, the tendency has been 

to minimize the work of thoroughly mixing together the various 
constituents, particularly the manganese, upon which much now 
appears to depend. 

The manganese is added for certain specific purposes, not 
quantitatively as a rule, but according to the views of the iron- 
master ‘in charge of the furnace, by throwing lumps of ferro- 
manganese into the molten metal, either in the furnace or in the 
ladle into which it has been poured. An intimate mixture or dif- 
fusion of the material does not usually take place in this practice, 
and even when an effort is made to obtain it by pouring the con- 
tents of the ladle into another empty one, it still happens that when 
the molten metal cools, a segregation of the impurities will occur; 


1909. The pipe had here been laid in swampy soil, and while repairing said leak an inspection 
was made of an adjoining steel’pipe laid in 1896. This newer conduit was also found to be 
corroding, but not to the same extent as the older one. 
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that is to say, the impurities do not remain distributed uniformly 
or homogeneously through the solidified mass. It must therefore 
be remembered that the wrought iron and steel usually encountered 
in engineering work is not a homogeneous pure metal. 

The corrosion or decay of iron and steel thus becomes one of the 
leading questions of the day among engineers. Under the action 
of natural agencies alone, this decay is often much more rapid 
than that of wood, while in many other cases it is extremely slow; 
and on investigating the subject historically, it will be found to 
be attended with numerous contradictory observations which 
make its discussion very difficult. 

DEFINITION OF TERMS. It is important to have, in the outset, 
a clear definition of what is meant by the words iron and steel. By 
iron the chemist means a pure element of matter, while the metal- 
lurgist means thereby a more or less varied mixture of this element 
with other elements. Absolutely pure iron does not seem to exist 
in nature, or to be capable of production by the usual processes of 
manufacture on a commercial scale. As commonly known to 
mankind, iron is always an impure metal owing to its peculiar 
property of readily combining with or holding in solid solution 
nearly all of the other elements. It has also been found that very 
small quantities of impurity suffice to produce great changes in its 
physical characteristics, and for this reason experts often scrutinize 
very closely the hundredth of one per cent. of some of its principal 
impurities, which are carbon, silicon, sulphur, phosphorus, oxide 
of iron, and manganese. 

By steel is meant an alloy or intimate mixture of pure iron with - 
several other elements, the principal of which is carbon, and by 
varying the proportions a great variety of steels is produced which 
have widely different physical properties. It is, however, impos- 
sible to consider in this paper all kinds of commercial iron and steel, 
and hefice the discussion will be limited to the few varieties alone 
which are of particular interest to water-works’ engineers. These 
varieties are the cast iron, wrought iron, and mild or soft steel 
commonly used for making pipes. 

Cast Iron. As usually understood, cast iron is not an alloy but 
an aggregation of chemical and mechanical compounds. It con- 
tains more or less of the impurities found in both the ore and 


: 
| 
| 


KUICHLING. 523 


the fuel used in its production. Its principal characteristic, how- 
ever, is the large percentage of carbon which it holds in chemical 
and mechanical combination. When used for making water pipes 
and machinery, its composition is generally within the following 
percentage limits: Graphitic carbon, 2.50 to 2.90; combined 
carbon, 0.35 to 0.45; silicon, 1.50 to 2.00; sulphur, 0.07 to 0.10; 
phosphorus, 0.50 to 0.60; manganese, 0.31 to 0.40. Tensile 
strength from 12 000 to 21 000 pounds per square inch. 

By reducing the graphitic carbon to 1.50-2.00, the silicon to 
0.70-1.20, the sulphur to 0.05-0.06, the phosphorus to 0.40—0.50, 
and increasing the combined carbon to 1.15-1.30 per cent., a much 
tougher and stronger material will be obtained, as the tensile 
strength will then rise to 30 000-35 000 pounds per square inch. 

Wroveut Iron. In the fabrication of wrought iron, most of 
the impurities of cast iron are eliminated by the agencies of heat 
and oxidation, so that the final product contains from 98.5 to 99.5 
per cent. of pure iron. It is characterized by a much higher melting 
point than either cast iron or steel (1500 to 1600° Cent. as against . 

1100 to 1200° Cent. for cast iron, and 1350 to 1450° Cent. for 
steel) and by its malleability. Its chemical composition is gen- 
erally within the following percentage limits: Combined carbon, 
0.02 to 0.25; silicon, 0.02 to 0.10; sulphur, 0.001 to 0.10; phos- 
phorus, 0.001 to 0.10; manganese, 0.001 to 0.25; slag and oxide, 
0.30 to 1.25; pure iron, 98.5 to 99.5. Tensile strength from 40 000 
to 50 000 pounds per square inch. 

The undesirable impurities are mainly carbon, silicon, sulphur, 
and phosphorus. Most of these can be removed by prolonging the 
heating and puddling processes by which the metal is made from 
molten pig iron; but as these processes are slower and more ex- 
pensive than those involved in the fabrication of modern soft steel, 
‘wrought iron has gradually been supplanted by the cheaper 
material for most industrial purposes. 

Mitp Steet. Many varieties of mild steel are made by both 
Bessemer and open-hearth processes, which differ little in chemical 
composition from wrought iron, except that they contain no inter- 
mixed slag. It is said that carbon is the most important constitu- 
ent of steel, as it tends to harden the metal and also to increase 
its tensile strength. These properties, however, are more or less 
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incompatible with duetility; hence in ordering steel for purposes 
wherein softness is important, the maximum tensile strength which 
the metal should have is usually specified. 

For the best pipe and boiler work, steel is generally made by the 
open-hearth process, and its composition lies within the following 
percentage limits: Combined carbon, 0.10 to 0.20; silicon, 0.005 
to 0.010; sulphur, 0.015 to 0.045; phosphorus, 0.015 to 0.030; 
manganese, 0.30 to 0.50; iron oxide, 0.10 to 0.30; pure iron, 98.5 
to 99.5. Tensile strength from 50 000 to°65 000 pounds per square 
inch. 

Of these constituents, carbon and silicon affect the hardness, 
ductility, and tensile strength; sulphur produces “red-shortness,”’ 
or interference with welding and rolling; phosphorus produces 
“* eold-shortness,”’ brittleness under sudden shock, and various 
other ‘undesirable properties; manganese counteracts: to some 
extent the influences of sulphur and phosphorus and causes the 
metal to aggregate in finer crystals, thereby increasing its elastic 
limit and ultimate strength. 

Until within a very few years, manganese was regarded as a 
beneficial ingredient and was always added to the molten iron in 
making mild steel. Recently, however, it has been viewed as the 
principal cause of the rapid corrosion of soft steel under ordinary 
conditions of use, and this has led to a further development of the. 
open-hearth process whereby nearly pure iron is produced without 
adding manganese, and also without much additional cost. This 

new material has been named “ ingot iron,” to distinguish it from 
steel, and a long description of it is given in Engineering News of 
January 6, 1910, pages 6-8 and 16, from which the following brief 
abstract was prepared. 

Incot Iron. The metallic product called “ingot iron” is 
made in an open hearth, like mild steel, and differs from the latter 
in having its contents of carbon, silicon, and manganese reduced 
to small fractions of the amounts found in ordinary soft steel. Its 
chemical composition is practically the same as that of the purest 
commercial wrought iron, and it contains much less impurities 
than common wrought iron. A typical analysis is as follows: 
Carbon, 0.02; silicon, trace; sulphur, 0.02; phosphorus, trace; 
manganese, 0.01; oxide of iron, 0.03; pure iron, 99.92 per cent. 
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Its tensile strength is from 47 000 to 50000 pounds per square 
inch, and it has a remarkably high ductility. Its most interesting 
quality, however, is an apparently high resistance to corrosion. 

_ The manufacture of this metal was evolved by the American 

Rolling Mill Company, of Middletown, Ohio, in consequence of the 
demand for an iron that would not corrode as quickly as ordinary 
soft steel, and in deference to the opinion expressed lately in 
numerous quarters that the rapid corrosion of steel is largely due 
to the presence of manganese. The main features of the process 
are the long exposure of the molten metal to a temperature of about 
1677° Cent., and the addition of small amounts of ferro-silicon and 
aluminum just before pouring to facilitate the removal of oxygen 
and other gases from the liquid. It is claimed by the makers that 
with proper care uniform results are obtained. 

With respect to corrosion, the only comparative tests thus far 
recorded were made with sulphuric acid, and these indicate that 
the resistance of ingot iron is from 20 to 40 times that of wrought 
iron, and from 40 to 60 times that of soft steel. There are, however, 
many uncertainties in such tests, and hence time alone will dem- 
onstrate its slow rusting properties. Should these be such as to 
be only twice the life of structures made from the best soft steel, 
the new process will rank as the most important innovation in the 
metallurgy of iron. 

DIFFERENCE IN CoMPosITION oF Wrovucnt Iron anp 
Street. On comparing the chemical analyses of commercial 
wrought iron and mild steel, little difference in composition is 
apparent except in respect to slag and manganese. In steel and 
ingot iron there is little or no slag, while in wrought iron the per- 
centage of manganese is usually much lower than in steel. There 
is also little difference in the usual physical properties of the two . 
substances when the compositions are nearly alike. In regard to 
durability or corrosion, however, the general opinion now seems to 
be that wrought iron is far superior to mild steel. 

DIFFERENCE IN RaTE oF Corrosion. The difference between 
the rates of corrosion of wrought iron and steel, as given by 
numerous authorities, varies greatly. This may be due to the 
dissimilarity of either the forces tending to produce rust, or the 
composition of the two metals in the observed cases; but from the 
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evidence now available, it seems that under like surroundings 
comparatively small differences in chemical composition are able 
to produce relatively large differences in the rate of corrosion. 
The observations and tests heretofore made embrace many dif- 
ferent conditions of exposure, such as waters and soils heavily 
charged with various mineral and organic acids, bases, and salts, 
different corrosive gases, etc.; but as a recital of all these results 
is here impracticable, only those cases will be considered which 
deal with the conveyance of potable water and the burial of pipes 
in the earth usually found in streets, roads, forests, and fields. 

ANCIENT SAMPLES OF WrovuGutT Iron. To indicate in strik- 
ing manner the actual differences in rate of corrosion of samples of 
old wrought iron and mild steel of very recent production, a few 
facts may be cited that properly belong in the history of iron. 

So far as the writer has been able to ascertain, the oldest speci- 
men of wrought iron in the world is now preserved in the British 
Museum, along with the details of its discovery. It was removed 
in 1838 by Col. Howard Vyse and Mr. J. R. Hill from an inner 
mortar joint of the stonework near the mouth of the southern 
narrow air channel of the great pyramid of Cheops at Gizeh, near 
Memphis in lower Egypt. Judging from its position and size, it 
is a portion of a mason’s tool broken off accidentally and left in the 
joint when the structure was in process of construction. According 
to the surmises of archeologists, this pyramid was built about 
3000 years B.c., so that the fragment was presumably over 4800 
years old when discovered. 

This specimen of iron is about 4 inches long by 2 inches wide and 
3 inch thick. It exhibits the marks of some corrosion, but was 
evidently protected to some extent by the mortar, of whose com- 
position nothing definite is recorded except that it was probably 
calcareous and more or less permeable to air. An analysis of a 
small quantity of the metal showed that it was evidently a tough 
wrought iron. 

In 1870 Mr. G. Belzoni found in an excavation in the soil under- 
neath a sphinx at Karnak, near Thebes in upper Egypt, a part of 
a wrought-iron sickle. He and other archeologists believe that this 
specimen must have been left in the ground long before the Persian 
invasion in the sixth century B.c. It was quite rusty when exhumed, 
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but, on being cleaned, plenty of sound metal was left to exhibit 
clearly its character and the marks of forging. No other definite 
age has been assigned to this interesting object. 

It may also be stated that many other specimens of ancient 
wrought iron have been found in the numerous excavations madé 
in Egypt, and are now preserved in various Egyptian and European 
museums. They are all of the utmost interest, as the ruins of that 
land are generally regarded as the oldest relics of the human race. 

In 1846 and later years, Layard made his famous excavations 
in ancient Assyria and Chaldea, at the sites of the old cities of 
Babylon and Nineveh. At the former he found only a few wrought- 
iron finger rings, but in the latter many iron objects, such as 
daggers, swords, shields, spear and arrow heads, were brought to 
light. At Calah, he exhumed a large quantity of iron armor scales 
from 2 to 3 inches in length, as well as some iron helmets. It may 
be noted that most of the objects were very rusty when discovered, 
and that some fell to pieces soon after they were exposed to the 
air, so that only a few of them could be saved and placed in 
the British Museum. The period in which they were made is 
estimated as being between 1500 and 2000 years B.c. 

Extensive French excavations of an ancient Assyrian palace 
at Khorsabad were also made in 1866 by Victor Place. Here a 
great collection of rough implements or billets of wrought iron was 
found in a buried chamber 16.4 feet long, 8.5 feet wide, and 4.6 
feet high, the weight of the metal being about 160 tons. Un- 
fortunately, the most of this collection was lost by shipwreck in 
the course of transportation to Paris. These excavations also 
disclosed a number of iron rings and staples still attached to a long 
wall, links of chains, bits for horses, etc. The chemical analysis of 
samples of all this metal showed that it was good wrought iron. 
Its age is believed to date from 1200 to 1500 years B.c. 

In his excavations of ancient Troy and Mycenz in Asia Minor 
and Greece respectively, during the period 1870-90, Schliemann 
found a number of wrought-iron objects, such as keys and knives, 
far below the surface of the ground, and which were still in a 
relatively good state of preservation. One of these specimens was 
found in the fourth distinct stratum of Trojan ruins below the 
surface, or the one following the city which Homer made famous. 
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Schliemann estimated that the latter was destroyed by the Greeks 
from 1400 to 1500 years B.c., while Gladstone considered that the 
event took place about 1307 s.c. The specimens of iron found at 
Mycenz are regarded by Schliemann as dating from about 500 B.c. 

Returning to Egypt, a very interesting fragment of wrought 
iron was found early in 1880 at Alexandria under the base of the 
obelisk which is now standing in Central Park in the city of New 
York. This fragment was discovered when the monolith was 
lifted up preparatory to removal, and it was exhibited at a meeting 
of the American Institute of Mining Engineers on February 17, 
1880. On being analyzed it was found to have the following 
percentage composition: Carbon, 0.521; silicon, 0.017; sulphur, 
0.009; phosphorus, 0.048; manganese, 0.116; nickel, cobalt, and 
copper together, 0.181; lime and slag, 0.370; pure iron, 98.738; 
total, 100.00 per cent. Tested by tension, its strength was 54 500 
pounds per square inch, with an elongation of 14 per cent., thus 
showing that the metal was of good quality. Its age is conjectured 
to be about two thousand years. 

At the mosque of Kuttub Shah, at Delhi, India, there is still 
standing a wrought-iron column which is described by Col. A. 
Cunningham in the archeological report to the government of 
India for 1861-2 as follows: 


“The Delhi pillar is a solid shaft upwards of 16 inches in diam- 
eter and about 50 feet high. . . . Its height above ground is 22 
feet, consisting of 3.5 feet roughly cylindrical lower portion, 15.0 
feet smooth shaft, and 3.5 feet ornamental capital. It extends 
underground considerably further than above ground, as a recent 
excavation was carried down to 26 feet without reaching the 
foundation on which it rests. The lower diameter of the shaft is 
16.4 inches and the upper diameter is 12.05 inches. It contains 
about 80 cubic feet of metal and weighs upwards of 17 tons.” 


An inscription on this column has led some antiquarians to think 
that it was erected in the third or fourth century of our own era, 
but others have construed the language to indicate that it was made 
about 900 years B.c. A small sample of the metal was analyzed by 
Dr. Percy, the eminent English metallurgist, who declared it to 
be soft wrought iron. The column is entirely free from corrosion, 
and many who have examined it closely in recent years have ex- 
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pressed the opinion that, on its completion, it must have been 
subjected to a process similar to that invented a few decades ago 
by Messrs. Bower and Barff. 

Colonel Pearse, of the Indian army, examined numerous tumuli 
or sepulchers in India, and found therein many ancient iron and 
steel tools which are supposed to have been made at least 1500 
years B.c. Iron beams have also been found in a number of old 
Indian temples. 

Several objects of wrought iron were found in ancient Etruscan 
tombs at Cervetri, Perusia, Vulci, and Cortona, in Italy. In 1823 
Avvolta discovered a grave at Corneto which led to finding, near 
by, a large cemetery of the old Tarquins. He states that on ex- 
cavating a portion of this cemetery he found several graves con- 
taining iron spear heads and portions of iron armor, but that 
these objects usually began to crumble soon after being exposed. 
Dennis made similar observations at Vulci. Many of the objects 
thus found are now preserved in various Roman museums. 

It may also be noted in this connection that on August 21, 1910, 
the Associated Press dispatches of New York contained an account 
of the newest discovery made by Professor Dall’ Ossa in the exca- 
vation of an ancient necropolis near Civita Castellana in Italy. 
This locality is rich in remains of Etruscan and other prehistoric 
civilizations. Two tombs of Amazons were found, each of which 
contained not only the human female skeleton, but also the remains 
of a war chariot and yoke decorated with bronze and iron, as well 
as many iron pins and a dagger. From the jewelry and pottery 
likewise found therein, the discoverer believes that these tombs 
date from at least the eighth century B.c. Special mention is made 

-in the account that much dampness and earth had penetrated 
into these sepulchers, but it is evident that their action did not 
cause the iron to disappear completely after so long a time. 

Passing to the western hemisphere for very old speciniens, it is 
stated that in excavating some of the ancient artificial mounds in 
Ohio, a variety of wrought-iron objects were found in a fair state 
of preservation. No definite period has yet been assigned to the 
construction of these mounds, which have been in existence longer 
than the survival of any reliable tradition relating to them among 
the Indians. 
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For samples of iron and steel made since the beginning of our 
own era, and which have withstood the effects of centuries of 
burial in the ground, we need only refer to the catalogues of the 
large museums of the principal cities of Europe. In these will be 
found many specimens of iron tools and weapons made by the 
Romans and later by the so-called “ barbarian” inhabitants of 
European countries. Numerous iron relics of Middle Ages are 
also preserved therein, as well as specimens of more recent 
production. 

In some of the museums of the United States may be found a 
variety of wrought-iron objects, dating from the Indian and Rev- 
olutionary wars, that were excavated from the ground after burial 
for a century or more. Unfortunately such comparatively modern 
relics are of little popular interest, and hence no concerted effort 
has been made for their preservation. This remark is also ap- 
plicable to specimens of wrought iron and steel placed in the ground 
only about fifty years ago. 

The foregoing few citations will suffice to show that apparently 
unprotected wrought iron and steel of certain indefinite chemical 
composition has been able to withstand the corrosion induced 
by burial in the soil for a great many years, and even centuries 
in some cases; and in contrast thereto we have the evidence 
of many recent observations and experiments that the soft 
steel which has taken the place of wrought iron for the past 
thirty years is far less durable under the same conditions of ex- 
posure to corroding influences. To describe these experiments 
would require much more time than is now available, especially 
as their results are doubtless familiar to all present. 

It may be urged that in most, if not all, of the recorded cases of 
exhumation of wrought-iron objects, after long burial, the metal 
was effectively protected by being excluded from exposure to air, 
water, and various acids. This may be true to a limited extent, 
but in view of the difficulty of attaining such exclusion artificially 
for long periods of time by means of cements, mortars, and natural 
building materials, it is reasonable to assume that for the greater 
portion of their imprisonment these iron objects came into oc- 
casional contact with at least small quantities of oxygen, moisture, 
and carbonic acid, all of which are usually present in soils capable 
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of supporting vegetation. The conclusion therefore follows that 
the apparent resistance to corrosion in these cases is due to either 
some peculiar mode of treating the surface of the metal, or to some 
peculiarity of chemical composition. In either event, a thorough 
knowledge of the facts would be of immense value. 

As the matter now stands, little will be gained by comparing 
chemical analyses, owing to differences of method in carrying out 
the same, and also to the fact that small variations in the amount of 
impurities contained in the samples often seem to exert a powerful 
influence on the degree of resistance to corrosion. If, however, the 
analyses were all made by the same method and care, the effect of 
each added quantity of impurity might be ascertained, so that the 
proper composition of a rust-resistant iron or soft steel could be 
prescribed in a specification. Under present conditions this cannot 
be done with much certainty of securing the desired result. 

The statement has often been made that the superior resistance 
to corrosion exhibited by some brands of wrought iron is due to 
the small percentage of slag and cinder or iron oxide always found 
therein. Microscopical examination, however, does not justify 
this conclusion, as these impurities are usually found to lie in 
definite streaks or lines in the metal; neither is there any evidence 
to show that the fibers of wrought iron are enclosed by cinder or 
slag. On the other hand, many impure wrought irons are not at 
all resistant to corrosion, so that the admixture of the impurities 
mentioned is by nomeans a safeguard against serious damage by rust. 

The latest view on this subject is that the purer the iron the 
less the tendency to the dangerous pitting or localized corrosion 
which is so often exhibited in very impure wrought iron and care- 
lessly made steel. It is based on many observations of the much 
greater durability of puddled wrought iron over soft steel under 
the same condition of exposure, and also on the new electrolytic 
theory of corrosion, as advanced by Messrs. W. R. Whitney, A. 8. 
Cushman, and W. H. Walker. It has also been adopted by a few 
manufacturers in our country, who have succeeded in developing 
the open-hearth process until they were able to produce in regular 
practice and without undue extra cost, a metal which is 99.94 per 
cent. pure iron, and which exhibits far more resistance to corrosion, 
under accelerated tests, than the best quality of soft steel. 
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THEORIES OF Corrosion. In their newest treatises on the 
corrosion of iron and steel, published this year, Messrs. A. S. 
Cushman, H. A. Gardner, and Alfred Sang state that there are now 
three well-recognized theories to account for the corrosion of iron. 
These theories overlap to some extent, but involve distinctly 
different reactions. They are called the carbonic acid, the 
hydrogen peroxide, and the electrolytic theories. 

The first theory has been under consideration for more than 
forty years, and is based on the cyclical action of three factors, 
viz., an acid, water, and oxygen. Rusting is always started by an 
acid, and even the weak carbonic acid, which is so widely dis- 
tributed in nature, is strong enough for the purpose. The acid 
changes a portion of the pure metal to a ferrous salt with the 
evolution of hydrogen. Water and oxygen now act upon the 
ferrous salt so as to form ferric hydroxide and liberate the acid, 
which attacks another portion of the iron; and so on indefinitely 
until the supply of oxygen, water, or iron gives out. If the acid 
is not present, the iron will not rust, nor will it do so in the absence 
of either of the two other factors. Recently, however, experimental 
evidence has been given to show that rusting takes place rapidly in 
the presence of water and oxygen alone. 

The second, or hydrogen peroxide theory, was advanced by 
Traube more than twenty years ago, but has not been extensively 
followed. It assumes the presence of only iron, oxygen, and water. 
The oxygen is assumed to act in two portions, one of which attacks 
the iron and forms unstable ferrous oxide, while the other combines 
with the water and forms hydrogen peroxide. These two products 
then combine to form stable ferric hydroxide, leaving an excess of 
hydrogen peroxide to attack a new quantity of ferrous oxide. 
The theory has been strongly criticised within the past six years 
as not being in accordance with careful experimental tests. 

The third, or electrolytic theory, appears to have had its incep- 
tion in the researches of Dr. W. R. Whitney, published in the 
Journal of the American Chemical Society for 1903 (Vol. XXV, 
p. 394). It was then developed so skillfully by Dr. A. 8S. Cushman, 
of Washington, and Prof. W. H. Walker, of Boston, that it has 
now been generally adopted by chemists in this country and abroad. 
It rests on the modern principle of physical chemistry, that all 
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reactions taking place in the wet way are attended with certain 
readjustments of the electrical states of the reacting ions; or, 
expressed in another way, when two substances of different polarity 
are immersed in a suitable liquid medium containing free ions of 
matter, an electric current is set up, and the substance from which 
the current flows tends to dissolve. It thus assumes that before 
iron can oxidize in the wet way, it must first pass into solution as 
ferrous ions. 

Cushman further explains the process of rusting as follows:. 

“ When a strip of metallic iron is placed in a solution of copper 
sulphate, iron passes into solution and copper is deposited, this 
change being accompanied by a transfer of electrical charge from 
the ions of copper to those of iron. Hydrogen acts as a metal and 
is electrolytically classed with copper in relation to iron. If, there- 
fore, we immerse a strip of iron in a solution containing hydrogen 
ions, an exactly similar reaction will take place; that is to say, 
iron will go into solution and hydrogen will pass from the electrically 
charged or ionic state to the atomic or gaseous condition. In such 
a system the solution of the iron, and, therefore, its subsequent 
oxidation, must be accompanied by a separation or setting free 
of hydrogen. It is very well known that solutions of ferrous salts 
as well as freshly precipitated ferrous hydroxide, are rapidly oxi- 
dized by the free oxygen of the air to the ferric condition, so that 
if the electrolytic theory can account for the original solution of 
the iron, the explanation of rusting becomes exceedingly simple.” 


The theory also rests on the laboratory demonstration that a 
small proportion of iron can pass into solution in ionic form in pure 
water, and that the latter always contains some free hydrogen 
ions; hence it follows that neither oxygen nor carbonic acid is 
needed to assist the action of pure water in starting the formation 
of rust. The hydrogen ions seem to act as an exciter in starting 
the reaction by creating a galvanic current, which is carried from 
one point on the iron to the water by the escaping iron ions, and 
from the water back again to the iron by the separating hydrogen 
ions, this process being continued indefinitely. Furthermore, if 
the metal contains impurities, like manganese, that are electrically 
positive to the iron, this galvanic action is intensified. Much more 
might be said on the subject, but as the time therefor is not now 
available, such additional explanations must be sought in Dr. 
Cushman’s new book. 
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The corrosion of iron in water has also been discussed in a very 
instructive manner by Mr. Geo. W. Fuller, in the issue of Engineer- 
ing Record for April 23, 1910; and as this paper contains many 
useful data, the following brief abstracts therefrom may be of 
interest. 

Iron will corrode more rapidly in waters containing dissolved 
oxygen and compounds of an acid nature, even though very weak, 
such as carbonic acid. All surface, filtered, and ground waters 
contain more or less dissolved oxygen and carbonic acid, besides 
a variety of other substances of both mineral and organic nature. 
The oxygen is generally absorbed from the atmosphere either above 
or below the surface of the ground, and in the case of surface waters 
a part of the oxygen is sometimes supplied by certain aquatic 
plants. The quantity of oxygen thus held in solution varies with 
the temperature, the degree of organic impurity, and the agitation 
of the water. When fully saturated, the range in pure water is 
from 14.70 parts of oxygen by weight per million at 0° Cent. to 
7.60 parts at 30° Cent., so that the quantity changes considerably 
in the different seasons. It must also be remembered that in the 
case of polluted water the bacteria often consume a large proportion 
of this dissolved oxygen in their action on carbonaceous organic 
matter, and liberate a cmeieenue quantity of carbonic acid 
which goes into solution. 

From numerous analyses of the water in various large rivers, it 
appears that in winter the quantity of dissolved oxygen is from 
9 to 12 parts per million, while in summer it is from 5.6 to 7.5 parts. 
Ground waters, on the other hand, usually contain much less 
oxygen in solution than the surface waters, presumably because 
the bacteria in the porous earth, through which the water passes 
downward to the plane of saturation in the subsoil, abstract a 
large percentage of this gas. Available analyses show a wide range 
in this respect, the variation being from nearly the aforesaid 
saturation limits to only 10 per cent. thereof, with an average of 
about 50 per cent. 

At already stated, free carbonic acid is derived in part from the 
air, but mostly from bacterial action on the organic matter con- 
tained in either the soil or the water. Surface waters usually 
hold in solution much less carbonic acid than ground waters, the 
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contents of the former being from a very minute quantity to 15 
parts by weight per million, while the latter may contain from 3 
to 25 parts. In some mineral spring waters the proportion is very 
much higher, even attaining the stage of effervescence. The 
presence of this gas increases the solvent powers of the water, and 
enables it to dissolve carbonate of lime and magnesia quite freely. 
One gallon of pure water will only dissolve two or three grains of 
these carbonates, but when it becomes strongly charged with 
carbonic acid, it may dissolve twenty or more grains. 

Natural waters also often contain certain other acids and com- 
pounds of organic origin which tend to promote the corrosion of 
iron. Such acids and compounds are mostly found in swamps, 
moors, and peat bogs, but, unfortunately, little is yet. known of 
their action on iron and steel; in general, however, it may be re- 
garded as detrimental by stimulating or favoring the passage of 
electric currents through the water. The same remark likewise 
applies to organic compounds derived from other sources, such as 
dead animals, manures, decaying garbage, etc. 

Solutions of the alkalies and alkaline earths, like soda, potash, 
ammonia, lime, magnesia, baryta, and silica, do not cause iron to 
‘ corrode directly, but the neutral salts of these bases seems to affect 
the metal'unfavorably under some conditions. Attention to this 
matter has recently been called by the extensive external and 
internal corrosion of the steel pipes of the Coolgardie water works 
in Western Australia, which were completed only in 1903. A good 
account of this trouble is given in Engineering Record of May 21, 
1910, and we learn therefrom that the pipe is buried for many miles 
in a soil containing considerable quantities of soluble salts, which 
give rise to corrosion when moisture is present; also that the water 
conveyed in the pipe is somewhat saline in character. 

According to the published analyses, this water contains 25.5 
parts per 100 000 of sodium chloride, 5.5 of magnesium chloride, 
2.3 of calcium sulphate, 1.7 of calcium and magnesium carbonates, 
0.8 of free and 1.2 of combined carbonic acid, together with small 
quantities of silica and iron oxide. It was found by experiment 
that it rusted steel much more vigorously than did London water, 
which contained 8.9 parts of combined carbonic acid. When the 
Coolgardie water was well aérated and allowed to flow slowly for 
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a week over a sample of the steel plate used in making the pipe, 
the loss of metal by corrosion was 2.38 milligrams per square 
centimeter of surface, while with the London water it was 1.72 
milligrams. These figures correspond respectively to 0.004874 
and 0.003522 pound per square foot. 

It may also be remarked that the committee who investigated 
this case consisted of Sir William Ramsay, Mr..Geo. W. Deacon, 
and Mr. Otto Helmer. Their study of the subject led them to the 
conclusion that the essential cause of the corrosive action of all 
waters on steel and iron is the dissolved oxygen which they contain, 
and which excites an electrical action. By the removal of this 
oxygen, they found that this electrical action ceases, and the rate 
of corrosion is enormously reduced. As the most economical method 
of removing the dissolved air or oxygen, they recommend the 
spraying of the water into a vacuum chamber and then adding 
about 3 grains of lime per gallon. For preventing external cor- 
rosion, they advised scraping off the old asphaltic coating and 
applying a new one composed of bitumen and tar; then bedding 
the pipe on a cradle of lime concrete on the bottom of the trench, 
and covering the remainder of the pipe surface with a layer of 
slaked lime 0.5-inch thick. 

Protective Coatines. The subject of protective coatings for 
thin iron and steel pipes is fully as complicated as that of corrosion. 
A great variety of different processes and materials have been 
tried and more or less enthusiastically advocated, but inasmuch as 
practice in this respect is far from being settled, it is fair to conclude 
that none of them has withstood successfully the crucial test of 
time. It is understood that this remark applies only to those 
processes which are not prohibitory by their expensiveness. 

The protective methods are both metallurgical and mechanical 
in character. In the former the aim is to alloy the iron with one 
or more other metals, whereby the product will not corrode under 
certain definite exposures; while in the latter, only the surface of 
the metal is to be covered completely with some other element or 
complex substance that will not undergo chemical or physical 
alteration within the same range of exposure. Freedom from 
corrosion in the second method, therefore, depends wholly on 
preserving the integrity of the applied coating during the various 
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manipulations of the pipe, or in thoroughly repairing all incidental 
damage before the pipe is finally buried. 

Various alloys of iron have been made which possess excellent 
rust-resisting properties, combined with fairly high tensile strength 
and good malleability, but, unfortunately, their cost is still too 
great to render them available in competition with cast-iron pipes. 
In the present state of metallurgical art, it is extremely difficult to 
devise a formula for such an alloy which will satisfy all the various 
requirements, as it is well known that small variations in the 
quantity of certain additions to pure iron affect greatly the physical 
properties of the alloy; hence it is very probable that a successful 
composition can be developed only by patient trial. In the writer’s 
opinion, the most satisfactory results will be attained in this 
direction of experimental research. 

Mechanical coatings with other metals, such as zine, tin, copper, 
nickel, etc., are all too expensive on a large scale, and are easily 
damaged in the transportation and handling of the pipe in the 
field; neither has a practicable method of repairing such damage 
yet been devised. The same remark also applies to coatings with 
stable ferric oxide, or magnetic oxide of iron, as produced by the 
Bower-Barff process. Enamels made of various pulverized minerals 
and fused upon the surface of the iron or steel at high temperatures 
are generally too brittle and open to the objections of impractica- 
bility of repair in the field. This line of experimentation, however, 
is an attractive one, and the writer has learned that an economical 
process of this nature involving the use of pulverized clay and 
moderate temperatures is being carefully investigated by one of 
our leading contractors. 

Next in order is the japanning process, which was first applied 
to one half of the Rochester conduit of 1894-5, and soon thereafter 
to a number of other steel pipe lines. There can be no doubt from 
all the experience thus gained that if the process is properly con- 
ducted an excellent protection to soft steel buried in the ground 
will be secured. Its cost, however, has militated strongly against. 
its more general adoption, and the small thickness of the resulting 
film has been used as a potent argument in favor of thicker and 
cheaper bituminous coatings of alleged great durability. 

Varnishes of different kinds of asphalt and coal-tar pitch, in 
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combination with a variety of other substances, have been used 
for many years, the usual method being to heat the mixture to 
about 320° Fahr. to render it liquid, and then to dip the pipe therein 
after having been thoroughly cleaned and heated to nearly the 
same temperature. In some instances the pipe has been dipped 
twice in this manner, with the expectation of remedying any 
accidental defects in the first coating and producing a thicker 
adherent film, but there is no good evidence that this procedure 
increases the durability of the pipe materially, as all such coatings 
are unavoidably injured while making the field joints. 

The principal objection to these hot bituminous varnishes is 
the uncertainty of obtaining a mixture of uniform quality. This 
applies not only to the mixture itself in its heated state, during 
which a change takes place by the escape of volatile compounds, 
but also to the several constituents as delivered by manufacturers. 
In most cases the chemical composition of the materials varies 
greatly from time to time, due to changes of source of supply and 
mode of preparation. It therefore follows that each shipment 
should be examined by an expert chemist in order to maintain a 
proper standard of quality, and that all losses resulting from keep- 
ing the mixture at a high temperature shall be compensated in 
satisfactory manner. In practice very little is done in these 
directions owing to the expense of scientific investigation. 

In regard to paints and varnishes that are applied at the pre- 
vailing temperature of the atmosphere, the writer ventures to offer 
but few remarks. From numerous experiments and observations 
during the past thirty-five years, with many different kinds of 
paint and varnish on small pieces of iron and steel buried for long 
periods of time in various soils, he has not succeeded in finding one 
that protected the metal satisfactorily from corrosion; but it should 
also be noted that not more than two thin coats had been put on 
the specimens. For repairing accidental abrasions of pipe coatings 
and defective spots found on expos'ng a pipe by excavation, he 
prefers to apply a hot bituminous material, such as the compound 
called “ mineral rubber,” or a hot mixture of coal-tar pitch with a 
small percentage of pure linseed oil. The reason for this preference 
is essentially because the coating hardens quickly, thus allowing 
the excavation to be refilled without much delay. 
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Stirrness or Turn Pipes. In designing a relatively thin 
metallic conduit, due attention must be given to the external 
forces acting upon it, as well as to the internal water pressures. 
Under usual conditions, the external forces are the pressure of the 
atmosphere, the weight of more or less of the backfill, and the 
support of the pipe at the bottom and sides of the trench. Of 
these, only the first is known with reasonable certainty, while the 
magnitude and direction of the others depend so much on variable 
circumstances that it becomes necessary to resort to assumptions. 

If the backfill is either a soft and flowing mud, or a perfectly dry 
sand, a uniformly distributed external pressure acting in radial 
directions may be assumed; but as these materials are seldom 
available for the purpose, both the weight of that portion of the 
backfill which is carried directly by the pipe, and the manner in 
which the loaded pipe rests upon the bottom of the trench, will 
usually vary within wide limits. The result is generally a -very 
appreciable deformation of the circular cross-section of the empty 
pipe, so as to make the section elliptical, the longer diameter being 
horizontal. 

Not many observations of this kind have been published, and 
hence it is difficult to determine a reliable ratio of deformation for 
different diameters, thicknesses, and depth of backfill; but from 
the data collected by the writer relating to empty steel pipes from 
3 to 6 feet in diameter and from } to 3 inch thick, it appears that 
when the depth of well-compacted earthen backfill over the top of 
the pipe is from 6 to 8 feet, the normal vertical diameter may be 
reduced as much as 10 per cent. These data are not sufficient to 
determine either the magnitude of the external load or its mode of 
distribution on the upper surface of the pipe, nor do they demon- 
strate that a greater deformation would not ensue if the backfilled 
material were heavier and looser, or contained more moisture, so 
as to reduce arch action and throw more weight upon the empty 
pipe. 

In the cases mentioned, the bottoms of the trenches had been 
carefully graded, and the finest available material had been packed 
under the lower quarters of the pipe to afford a fairly uniform sup- 
port. Obviously much depends on this feature, as otherwise the 
supporting reaction would tend to become concentrated at a 
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number of isolated points on the bottom, whereby the deformation 
would be increased. The same thing would also happen if large 
stones or bowlders were mixed with the earthen backfill over the 
pipe. Doubtless there are many places in every conduit where the 
load and support are at times far from being uniformly distributed, 
and when these forces exceed certain limits, the pipe will be in 
danger of collapsing if the internal water pressure is removed. 

A recent discussion of this subject by Prof. A. N. Talbot will be 
found in Bulletin No. 22, University of Illinois Engineering Ex- 
periment Station, published April 29, 1908. Formulas for the 
largest bending moment and the corresponding stress in the outer- 
most fibers of a thin elastic ring are there given for both concen- 
trated and uniformly distributed vertical and horizontal loads; and 
by applying these formulas to the case of large steel pipes in which 
the metal has an elastic limit of 30 000 pounds per square inch, it 
will be found that when the depth of backfill is from 5 to 6 feet, 
and the weight thereof is assumed to be distributed vertically and 
uniformly over the surface of the pipe, the maximum fiber stress 
will approach closely to said elastic limit; and when the load is 
concentrated along the top and bottom lines of the pipe, the stress 
will generally exceed said limit. 

It is, however, fair to consider that the earth which is in contact 
with the sides of the pipe will offer some resistance to displacement 
when the pipe begins to flatten, so that the aforesaid bending 
moment and fiber stress will doubtless be reduced somewhat; but 
as we have no trustworthy experimental data regarding the mag- 
nitude of such lateral resistances under various conditions of 
moisture in the material, it will be prudent to assume that depths 
of backfill of more than 6 or 8 feet are unsafe for thin pipes of the 
sizes and thicknesses mentioned above. In cases where this depth 
must necessarily be greater, provision should accordingly be made 
for giving the pipe an adequate stiffness, either by increasing the 
thickness of the plate, or by applying stiffening rings of angle-iron, 
or by bedding it more or less completely in concrete. The same 
procedure is also required where the pipe passes under railway 
tracks, or the shallow backfill is subjected to unusual loads. 

The foregoing considerations indicate that an empty pipe of 
large diameter and small thickness is capable of withstanding only 
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moderate external loads of backfill without becoming seriously 
deformed; hence it is necessary to guard against the application 
of any additional loads, and especially against the formation of a 
vacuum in any part of such a conduit when the water is drawn off, 
as the external pressure thus developed may easily be much greater 
than that of many feet of earthen backfill. This action is to be 
feared most in highly porous and soft ground, but as all drained 
soil contains a large percentage of voids through which air can 
flow without great resistance, it should be assumed that atmos- 
pheric pressure against the exterior surface of the pipe is always in 
operation, and that it should constantly be balanced by an equal 
internal pressure. 

Equilibrium in this respect exists naturally so long as both ends 
of the pipe are open to the atmosphere, either directly or by means 
of the water which fills the conduit. If, however, an orifice in some 
deep depression in the line is opened, through which more water 
will escape during a short period of time than the conduit can 
deliver with its available hydraulic grade, the pressure of the 
atmosphere at such orifice will be expended in the effort to main- 
tain the continuity of the columns of water on each side of the 
orifice, thereby reducing the internal pressure at the adjacent 
higher elevations in the conduit. The same action occurs when a 
stop-valve in the conduit is closed and the water in the down- 
stream section is permitted to escape. 

To maintain the equilibrium mentioned in a collapsible pipe 
under all circumstances, it is therefore necessary to provide it with 
air-inlet valves at every main stop-gate, and also at every con- 
siderable summit. These inlet valves must have sufficient capacity 
to admit the required volume of air at nearly atmospheric pressure. 
To compensate for the resistance to free circulation of air in the 
ground, it may be assumed that the active pressure of the air 
against the exterior surface of the pipe is about four fifths of the 
barometric pressure, thus leaving a difference of 3 pounds per 
square inch available for forcing the air through the valve into the 
pipe whenever it may be required. In some cases the difference in 
pressure used to compute the dimensions of the air-inlet valves 
has been somewhat more than 3 pounds per square inch, but in 
view of all the uncertainties involved, it seems preferable to err on 
the safe side. 
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DETAILS OF CONSTRUCTION, ETC. This paper has already 
greatly exceeded its contemplated limits, and hence further refer- 
ence to details of construction must be omitted. It may be stated, 
however, that steel plates are now made into large pipes by three 
methods, viz., riveting, the use of lock bars, and welding. A fourth 
method of manufacture directly from the hot ingot, by the Man- 
nesmann process of tube drawing, was also promised fifteen or 
more years ago, but for some reason it has hitherto been applied 
only to the fabrication of pipes not more than 12 inches in diameter. 
The welding process, on the other hand, has been developed in 
Germany to such extent as to admit of the production of seamless 
pipes 10 feet in diameter, and up to 150 feet in length. This 
operation, however, requires much more time and more costly 
apparatus than either of the first two methods, and hence it has 
not yet been adopted for large water conduits in the United States. 
Riveted pipes are not patented, and do not involve great outlays 
for manufacturing plant, but they entail much expense for labor 
and have the disadvantage that their inner surface is roughened by 
many rivet heads and that a considerable portion of the metal at 
the seams is cut away by the rivet holes. The efficien:y of a 
properly proportioned double-riveted seam is only about 70 per 
cent., whereas well-made lock-bar joints and welded seams exhibit 
in regular practice the same tensile strength as the adjacent plate 
metal. In regard to price per foot, the standard of comparison is 
obviously the cost of riveted pipe under proper competition. At 
present market prices of labor and materials, contractors bid about 
4.0 cents per pound for soft steel pipe, including bituminous 
coating, moderate transportation, and jointing in the trench. 
Under the same conditions, cast-iron pipe would cost about 1.3 
cents per pound, plus the cost of placing and jointing. The diam- 
eter of the pipe and the water pressure now become important 
factors. Owing to its greater roughness of surface, it is found that 
the riveted pipe should have a diameter about 8 per cent. larger 
than that of the cast-iron pipe to give the same discharge on the 
given hydraulic grade. In the case of lock-bar and welded pipes, 
however, no appreciable increase of diameter is required. The 
internal water pressure determines largely the thickness of the 
metal, as it brings the tensile strength thereof into action. The 


ae 

; 

: 

= 

: 

4 


KUICHLING. 543 


physical tests of soft steel and good cast iron show that these 
materials have ultimate tensile strengths of about 60 000 pounds 
and 16 500 pounds per square inch respectively, thus giving a ratio 
of 3.6 to 1.0, but general experience has established the practice 
of allowing the stress in the metal, due to the water pressure, to be 
only one fifth of the figures mentioned. 

It has also been learned that the normal pressure in a pipe is 
considerably increased for short periods of time when the motion 
of the water is rapidly stopped by the closing of a main valve in 
the line. The magnitude of this increase is difficult to determine, 
as it depends greatly on the time taken to close the valve. From 
such observations on large conduits as have come to the writer’s 
notice, this increase is about one half of the static pressure at the 
point under consideration; hence in computing the thickness of 
the pipe, at least 1.5 times the static pressure should be used in 
the formula. Furthermore, to compensate for unavoidable dif- 
ferences in thickness of shell and strength of metal, as well as to 
allow for a gradual reduction of thickness by corrosion, a certain 
arbitrary addition is usually made, which is about } inch for cast- 
iron pipes and ;'g inch for steel pipes. 

The formulas for the weights and costs of such pipes per linear 
foot are rather complicated, so that a comparison of results is not 
easily made. It must also be remembered that the costs will vary 
from time to time with the market prices of materials, labor, and 
transportation. Under the conditions stated above, however, and 
the further assumption that the static water pressure is 100 pounds 
per square inch, the writer has deduced two simple formulas for 
the approximate costs of large riveted-steel and cast-iron pipes, 
as follows: 

1. For steel pipe, y: = 0.4125.d?; 

2. For cast-iron pipe, y2 = 19 + d(0.4845d— 0.851); in which y 
is the cost of the pipe in cents per linear foot exclusive of trenching, 
and d is the nominal diameter of the pipe in inches. The value of 
d to be used in these expressions is that of the cast-iron pipe, al- 
though the actual diameter of the steel pipe is 8 per cent. larger. 
It should also be noted that the expressions apply to diameters 
ranging from 2 to 6 feet and the aforesaid pressure. 

These formulas indicate that the cost of steel pipe is less than 
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that of cast-iron pipe for all diameters, and that the difference in 
cost in cents per linear foot can be expressed by: ysa—-yi1 = 19 + d 
(0.072d—0.851). Applying this to the case of the Rochester con- 
duit, where d was 36 inches, we have: y2—y: = 81.7 cents per foot, 
whereas the actual difference was in the vicinity of 50 cents, with 
rather light cast-iron pipe. With more conservative thicknesses 
for the latter and due allowance for overweight and loss by breakage 
it is probable that the difference would have been at least 60 cents 
per foot. The circumstances in this case, however, were of unusual 
- character, as the lowest bidder declined to enter into contract, 
and the work was subsequently awarded to and performed by the 
next lowest bidder at a considerably larger cost to the city. 

Yo—- Yi 


It will be noticed that the ratio ‘ cannot be expressed in 
2 


simple terms, and it is also evident that the life of a steel pipe is 
still invested with much uncertainty; hence it is not practicable to 
draw a general conclusion with respect to the economic advantage 
of such a conduit. If we assume the life of steel and cast-iron pipes 
at twenty-five and fifty years respectively, it will at once follow 
that a steel pipe will be equivalent economically to a cast-iron 
pipe, if the investment of the initial difference in cost at com- 
pound interest yields a sum at the end of twenty-five years suffi- 
cient to renew the steel pipe. When the cost of renewal is the 
same as the original cost, and the rate of compound interest is 
4 per cent., financial equivalency will occur if the initial differ- 
ence in cost is three eighths of the original cost of the steel pipe; 
and if the interest be 6 per cent., about one fourth of the original 
cost will suffice. 

Concuusion. In the foregoing, attention has been called mainly 
to objections to thin steel pipes, and little reference was made to 
their many advantages. On this latter subject much can be said. 
As already indicated, the durability of such conduits is at present 
the principal matter of interest, and it is to be hoped that steel 
makers will soon direct their efforts to the production of a metal 
which will exhibit a much higher resistance to corrosion than has 
heretofore been attained. After this is accomplished, steel pipes 
will be used far more extensively in water works than heretofore. 
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Mr. Francis H. Luce.* The speaker made it very plain that 
there is a great difference in the durability of wrought iron and 
sheet steel, but it seems to me that he has pointed out no very 
clear reason for that difference. I have had quite a large experi- 
ence in making the comparison between wrought iron and sheet 
steel. For some twenty years I was engaged in the manufacture 
of enameled-ware kitchen utensils. Prior to 1892 we used wrought 
iron entirely. As the speaker stated, wrought iron is puddled and 
hammered and worked into a mass, while steel is practically 
molded, so naturally wrought: iron is much more porous and of 
more open grain than sheet steel, which is very close and 
compact. Prior to 1892 we used nothing in this country for 
enameling for kitchen utensils, etc., but the old-fashioned charcoal 
wrought iron, and the enamel adhered so tenaciously to it, without 
the use of antimony or anything else to help it, that it was almost 
impossible to knock it off. I have pieces at home in my kitchen 
which have been in use almost constantly for many years. Ask 
your wives how long kitchen utensils of the present day will last, 
and they will tell you it depends entirely on the maid she has. 

Up to 1892 there were two large manufacturers of kitchen 
utensils in this country, and the utensils were made under patents, 
and made, as I say, with charcoal iron. The patents ran out around 
about that time, and the manufacturers of tinware then began 
making enameled ware, and about that time the use of sheet steel 
became more general. The manufacturers of sheet steel claimed 
that they had perfected it to such a point that it would supersede 
wrought iron, and that it was just as good or better, and could be 
furnished for about half the price or less. Manufacturers started 
in using sheet steel for enameled ware, and reduced the price in 
proportion to the ratio of the cost of the base metal to the cost of 
the finished product. I think it figured somewhere around. 20 
or 25 per cent. The old line manufacturers found it impossible 


to meet the price without using sheet steel, and so they began to . 


use it. 
The people who started the use of sheet steel for this purpose 
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loaded their enamel very heavily with antimony and arsenic and 
other substances to make it stick. The concern I was with tried 
to avoid that, and we experimented for a very long time and found 
finally that only by the interpolation of a coating of cobalt or 
nickel, we used nickel finally, applied a little differently from the 
ordinary electric coating, could we make the enamel adhere. 
We claimed that it adhered as well as it did on the old charcoal 
iron after interpolating that metal; but on applying the enamel 
in its raw state to the sheet steel without putting in anything 
between, in the same way that we applied it to the sheet iron, it 
would not hold at all, but would fall right off, at the least little 
touch or knock. Be: 

I believe that is the case with almost everything that is made 
that requires coating, owing to the difference in the porosity or 
grain between charcoal iron and steel. It used to be, if we wanted 
to put up leaders on our houses which would last for many years, 
we would put, up galvanized iron ones and not tin ones. But now 
we put up galvanized steel leaders and they last only four or five 
years, whereas galvanized iron ones used to last thirty or forty. 
Why? Simply because the coating of zinc has not had an op- 
portunity to go into the pores or the open grain of the base metal. 
Speaking from the experience I have had, I want to say that one 
reason that sheet steel pipes do not last anywhere near as long as 
the old wrought-iron pipe, is because of the lack of ability to 
make the coating stick. If there is no opportunity for the coating 
to take hold of the grain of the metal, so that you cannot coat it 
properly, naturally it will not last. 

Mr. Epwin A. Fisoer.* Some people have an idea that this 
new conduit, as we call it, which Mr. Kuichling has described, 
is rapidly going to pieces, and that it is almost time to reconstruct 
it, but as matter of fact the corrosion is confined to pittings, as — 
Mr. Kuichling has stated, and the conduit, so far as its strength is 
concerned, is as good as ever. 4 

We have spent on the conduit something like $8 000 to $10 000 
a year. Mr. Little, the superintendent, has charge of that work. 
Whenever a leak is discovered,the pipe is in general uncovered each 
way from that point until we find no further evidence of corrosion. 


* City Engineer, Rochester, N. Y. 
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The pipe is then scraped, as Mr. Kuichling has stated, and re- 
coated. Last year several places were uncovered where the pipe 
had been recoated during the years 1902, 1903, and 1904, and no 
evidence of further corrosion was found in these recoated sections. 
Up to the present time about three miles of the conduit has been - 
recoated out of a total of 263 miles. 

Mr. Wituiam Mourpocu.* I think an explanation of the ap- 
parently enigmatical expression as to varnish on the conduit is 
that the conduit was coated with pure asphalt. I was quite inter- 
ested in reading that it was coated with pure asphalt. The pipes, 
I think, were dipped and covered with asphalt. Now, I notice 
that the writer who is quoted here advises that the asphaltic coat- | 
ing be removed, for it seems to have been a failure, and that a 
mixture of bitumen and tar be used instead. That would mean 
asphalt and tar, which is just another name for asphalt. In 
other words, the varnish should have tar added to it instead of 
pure asphalt. That is my recollection of the description of the 
varnish which was placed on that pipe in Australia. I think that. 
the explanation is that instead of pure asphalt the coating should 
be a mixture of asphalt and tar. 

Mr. Leonarp Metcatr.{ I have been immensely interested 
in Mr. Kuichling’s paper, which seems to me to be a very valuable 
contribution to our knowledge on this subject and a splendid 
summing up of information to date. Incidentally, as bearing upon 
_ Mr. Luce’s comments, in explaining the difference in length of 
life by the difference in porosity of the material which makes it 
possible to get’ a coating which will adhere to the pipe, it may be 
. interesting to call attention to what you all doubtless have ob- 
served, that in the case of nails, for instance, the old wrought-iron 
nails, which you have often seen in barns and old buildings, 
have stood up perfectly for twenty, thirty, forty, or fifty years. 
I have seen some older than that. There was no coating on 
them, and they were exposed to the rain, and yet apparently 
they did not rust. That is not true of the steel nails; they rust 
almost immediately. Take hinges, for instance, on some old 
structures, some of which have not been protected by paint. 


* City Engineer, St. John, N. B. 
+ Of Metcalf & Eddy, Consulting Engineers, Boston, Mass. 
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They too have stood up well when made of wrought iron. Con- 
sider some of the old wrought-iron hand railings which you have 
seen on some of our colonial houses many years old, which 
apparently had no coating upon them, and yet there were no 
signs of rust. That would have been impossible with steel hand 
railings, even though coated. 

Mr. L. M. Hastines.* I have been interested in Mr. Kuich- 
ling’s paper because in Cambridge we have had very much the 
same experience that they have had in Rochester. Our work 
there was done after the Rochester work had been completed, 
and we benefited a great deal by Mr. Kuichling’s experience. 
We have four miles of 42-in. sheet-steel pipe, made very much on 
the same specifications that were used in Rochester. Of course 
the vital question is the durability of the steel, and that depends 
on the coating, and so a great deal of attention was paid to that 
at the time that the conduit was built in 1895. I looked at all 
available coatings, and it seemed to me then that the Sabin 
coating, which Mr. Kuichling and Professor Sabin had gotten up, 
was the best there was at that time. 

Mr. Luce, comparing the old wrought iron and the sheet steel, 
has spoken of the comparative porosity of the two. That ques- 
tion came up in considering the matter of the application of the 
Sabin coating, and the matter was provided for by heating the 
metal. In applying the Sabin coating one essential point is that 
the pipe itself should be heated very hot, so that the pores of the 
steel will be open, and then dipped immediately in the hot mixture. 

As to the actual resulting durability in Cambridge, I cannot 
give any very definite information, because we have not uncovered - 
the pipe lately. But in several places I have seen portions which 
have been exposed, and the pipe itself, where it has not been inter- 
fered with by outside influences, or by electrolysis, has proved very 
durable. Even where the body of the Sabin coating has been 
knocked off by picks, there seems to be a thin film of coating 
adhering to the steel which has prevented rusting. It was very 
interesting to me to note that the most of the flaking occurred at 
the lower end of the pipe, where the varnish was probably two or 
three times as thick as at the top of the pipe as it was dipped in 

* City Engineer, Cambridge, Mass. ‘ 
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coating. But even there, where the coating had flaked off, we 
actually found in the ground that the thin skin or film, or under- 
skin, as you might call it, had penetrated the metal and had 
preserved it from corrosion 

I might say in regard to the durability of steel and cast iron, 
and wrought iron, that at the time of the construction of the pipe, 
out of curiosity, and as matter of experiment, I had a number of 
plates of coated steel, coated iron, coated cast iron, and three 
sheets of uncoated metal put into the water and kept there for a 
year or two, just to see what the effect would be. They were very 
carefully weighed before they were placed in the water in Fresh 
Pond, our own water supply, and after fifteen months, I think it 
was, I pulled them out and weighed them up again. I haven’t 
the figures with me, — they will be found in the American Society 
of Civil Engineers’ reports,* — but I know that the general result 
was that there was not much difference between iron and steel in 
the action of the water on the plates, for the time during which 
the experiments were made. 

I think our coating has proved very satisfactory. Of course it - 
will not protect the pipe from electrolysis. We found that our 
pipes in two or three places were affected by the action of electri- 
city, but of course that is something which no pipe will stand. 
We have suffered very severely from that in Cambridge, both on 
the cast-iron and steel pipe, but so far as the action of the soil is 
concerned, I believe we have had little or no difficulty from the 
acids in the soil. When we have had occasion to tap on to our 
main steel pipe line, the inside, as I remember, has shown very 
little deterioration; the water has not acted seriously on it. 

Mr. W. C. Hawtey.t I am glad Mr. Kuichling has called 
attention to the external forces which act upon large pipes. That 
is a matter which is often overlooked, and we still find in specifi- 
cations occasionally that the pipes shall rest upon two or more 
blocks. I don’t know why we should wish to concentrate the 
load, but it is sometimes done, and I have had very unpleasant 
experiences, in the last few years, with 36-in. and 42-in. pipes 
which have burst under such conditions. 


* Transactions American Society Civil Engineers, Vol. XXXVI, p. 504. 
+ Chief Engineer, Pennsylvania Water Company, Wilkinsburg, Pa. 
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Mr. Kuichling has confined his paper to a consideration of pipes 
laid in ordinary soil, not in contact with salt water. It may be 
interesting to some members of the Association, who have salt 
water to contend with along the coast, to refer to the Atlantic City 
30-in. steel pipe line, which was laid nine years ago. Mr. Kuich- 
ling was the consulting engineer, and we recommended to the 
board of water commissioners, and they concurred in our recom- 
mendation to city council, a wooden stave pipe as being preferable 
to either cast iron or steel. The council, however, preferred steel 
pipe, and it was-laid. We prepared the specifications very care- 
_ fully. The pipe was dipped in mineral rubber and then, in order 
to protect it during transportation, it was immediately stood up 
in a stall and covered with burlap, brushed into the hot mineral 
rubber just as paper is put on a wall. We expected that the bur- 
lap would rot in a few months, but it did not. However, it pro- 
tected the pipe during transportation. 

The pipe was delivered in February and March. The first half 
mile was carted out on to the salt meadow, which, fortunately, was 
frozen over for the first time in a great many years. The next 
half mile was unloaded directly from the cars on to the meadow, 
the weather having moderated in the meantime, and rolled 
from there to the pipe line. The pipe line was approaching the 
railroad at an angle of about 15 degrees, and I think the maximum 
distance of rolling the pipe was perhaps 600 or 800 ft. After the 
pipe was finished there was no trouble for about three years, if 
I remember correctly, and then in that half mile where the pipe 
had been rolled across the meadow a number of leaks were found, 
and within two years more I think something like 60 leaks were 
found in that section. But very few leaks were found in other 
parts of the four miles of pipe up to that time. Since then the 
leaks have gradually become general over the whole main, and I 
may state that to-day the pipe line has very nearly reached its 
limit of service. A great many holes have been filled by driving 
in wooden plugs, and part of the line has been encased in concrete. 
It seems to me that this shows that where the coating was damaged, 
probably by the stalks of meadow vegetation in the half mile where 

_the pipe was rolled to the ditch, the metal was at once attacked. 
In the balance of the pipe it has taken longer, and it may be either 
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the fault of the coating or it may be some inherent trouble with 
the metal. It is a source of some satisfaction, however, that at 
the present time they are laying a 48-in. wooden stave pipe across 
the meadow at Atlantic City. 

Mr. ALLEN Hazen.* My first experience with steel pipe was 
in 1897, when 8 000 ft. of 48-in. steel pipe were laid to connect 
the filter plant then being built with the pumping station of the 
Albany water works. Mr. Kuichling was consulted because he was 
believed to be one of the best posted men in the United States upon 
pipe questions. This pipe is still in service, and as far as I know 
has never been heard from. 

The primary reason for using steel pipe is, of course, one of cost. 
At Springfield, Mass., for instance, a line of 42-in. pipe 12 miles 
long, completed a year ago on competitive bids for cast-iron and 
steel pipe, cost only two thirds of the low bid for cast-iron pipe. 
In other words, the steel pipe cost $2 where the cast-iron pipe 
would have cost $3. For large pipe lines that proportion perhaps 
indicates roughly the comparative costs that have held in the last 
five years. 

The steel pipe at Springfield is very much stronger, more re- 
liable, and tighter than any cast-iron pipe could be made. On 
the other hand, it is perhaps less durable. Of this we do not know 
much. Some steel pipe lines fifteen to twenty years old are still 
in service, in excellent order, with no apparent reason why they 
should not last for twenty years longer, and perhaps for an 
indefinite period thereafter. 

More than 99 per cent. of all the material that goes into steel 
pipe remains without injurious or rapid corrosion. Where in- 
jurious corrosion has been found, it is a strictly local phenomenon. 
It occurs where there have been defects in the steel plates or in the 
coating. The injurious corrosion has been confined to these 
places, or, in other words, to a few pits, covering, as Mr. Kuich- 
ling has shown, hardly more than an infinitesimal portion of the 
whole surface of the plates. As the plates have been able to resist 
corrosion in ninety-nine and a large fraction per cent. of their 
whole surface, it would certainly seem that they might be perfected 
so as to resist corrosion in all parts. 


* Civil Engineer, New York. 
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The trouble at the present time is that we do not know enough 
about the defects that cause the starting of this injurious corro- 
sion. We want to know more about these causes, and we are 
going to find out about them, and we must all work together along 
this line. 

The wrought-iron pipe used in lines laid twenty years ago and 
more seems clearly to have been more durable than the steel pipe 
that succeeded it and is used to-day. Wrought iron can still be 
secured at an increased price, but at a price that would not in 
itself prevent its use in large pipe lines. A practical objection is 
the limited size of plates that can be rolled from it. The largest 
wrought-iron plates that have been successfully rolled are much 
smaller than most of the plates used in steel pipe lines at the 
present time. 

Mr. Kuichling has mentioned a new product, called “ ingot 
iron,”’ which is almost chemically pure iron, and which promises 
a great deal to the pipe business, if it can be made cheaply and 
rolled in sufficiently large plates. 

The general system of steel pipe and wrought-iron pipe repre- 
sents a more scientific, efficient, and economical use of metal than 

is reached in cast-iron pipe. With the improvements that are 

being made, it seems practically certain that it is going to replace 

cast-iron pipe for everything above 36 in. in diameter. . For 30-in. 
pipe and smaller, of course, there is a field that is now held and ~ 
probably will be held for a long time by cast-iron pipe. 

Mr. Morris Know tss.* Pittsburg has had a number of steel 

- pipe lines, and I will refer to a few of them briefly. 

The Allegheny Main, so called, running from Montrose Pumping 
Station to the reservoir on the North Side, formerly the city of 
Allegheny, was laid in 1895-6. It is 60 in. in diameter and made 
of steel plate, protected with the hot applied and baked coating 
of A. H. Sabin. This main runs directly through the filtration 
works and was uncovered in five places during the building of 
other structures in 1905-6. The line was found to be generally 
in good condition as far as the exterior was concerned. We, of 
course, did not see the interior. The coating was in fair condition 
and apparently there were no pits. 

* Chief Engineer, Bureau of Filtration, Pittsburg, Pa. 
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Since that time, however, serious defects have been located a 
little below the filtration works in the borough of Sharpsburg, 
where the line had evidently been subject to some great corrosive 
action, either electrolysis or soil conditions. The soil at this place 
was partly clay and partly slag and ashes, while that at the filtra- 
tion works was sand and silt from river deposit. There were a 
number of places within a local area in Sharpsburg where the plate 
had holes completely eaten through. These were tapped out and 
ferrules inserted in the usual manner. Since that time screw 
plugs have been used elsewhere for the same purpose, placed in a 
similar way. 

There are two rising mains from Brilliant Pumping Station to 
Highland Reservoir No. 1. The first one, of wrought iron, was 
laid in 1879 and coated with cold asphaltum paint. The second 
line is a 50-in. steel, laid in 1891, and coated with mineral rubber 
dip. The first line was entered some four years ago, and, while 
the rivet heads were somewhat deeply scored, with considerable 
incrustation and heavy pitting, the line would not be considered 
to be in serious condition for its age. 

A short time ago there was a break in a cast-iron line on the 
hillside, in the vicinity of these rising mains. For a short distance 
there was a large trench open for laying a new steel main. 
The rush of water gushed out of the broken line, undermining 
and exposing the others. The settlement under the steel main was 
sufficient to cause it to be ruptured in two places and we were thus 
able to make an inspection of the interior of this line at that time. 
There was much scoring of the rivet heads; also, tubercles the 
size of a walnut, with pits underneath. Later, upon exposure to 
the atmosphere and. elements, ‘these tubercles dissolved and the 
rust seemed to extend and travel underneath the coating between 
the pits. Upon original inspection, while the pipe was wet inside, 
the coating seemed to be in good condition, as well as the steel 
plate underneath, and apparently would have remained so if it 
had not been for the drying out, due to exposure. 

Some experiments, made in 1905, determined the value of ‘‘n” 
in the Kutter formula, for 3.8 feet velocity, as .022 for the twenty- 
one-year-old, painted wrought-iron pipe; and .017 to .019 for the 
eleven-year-old hot-dipped steel pipe which had been cleaned once. 
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The exteriors did not lend themselves so well to comparison, 
because about the wrought-iron line there was a protecting layer 
of sawdust and crude oil, about 2 in. thick, and the line was very 
thoroughly cared for by this method. The steel line was not in 
as good condition, and had a number of places abraded; the exposed 
areas have since been recoated. Some of the deterioration of 
coating on the outside may have been due to the scour of the 
sand and water. 

It is interesting to note that at the places where the steel main 
broke, due to the weight of the undermined section, there was not 
a single place where the plate had been torn, and in every place 
rivets were sheared. It is interesting to see how the rivets, which 
were of wrought iron, first started to tear at the heads and were 
then cut off completely at the face of the plate. 

There was a 50-in. steel line about 5 miles long, laid in Pitts- 
burg in 1905-6, which was also coated with mineral rubber dip, 
through the city’s streets, but which is of too recent history to. 
afford much comparison. Except for a small portion of the end 
of this line, about 30 in. in diameter, no opportunity has been had 
to see the interior, but in this place it was in excellent condition. 
~ Wherever exposed it has been found to be in good condition, 
except at one spot on the South Side, on the 30-in. line above 
mentioned, where electrolysis had done considerable damage 
before it was found out. 

Pittsburg has suffered from electrolysis, as most other cities 
having a traction system have. The remedy has been to bond 
lines by copper cables running from proper points back to the bus 
bars at the power station, and this has been quite successful. The 
steel line offers a ready means for transportation of the electric 
current, when it is once in the metal, because there are no lead 
joints, except at some valves, and these have copper bonds around 
these joints. The method used is apparently paying for.itself and is 
very successful, not only in steel line, but for the cast iron, where 
there is no bonding around the joints. 

Mr. R. S. Weston.* I had hoped that some of the engineers 
from Pittsburg would describe the process of making the iron 
or steel used in the manufacture of riveted pipe, for I think the 


* Sanitary Expert, Boston, Mass. 
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members would have been as much interested as I was when a 
prominent metallurgist took me through a large steel works the 
other day. The process of making open-hearth steel consists in 
heating the pig iron, which contains much carbon, silicon, phos- 
phorus, and sulphur, in the presence of oxygen in such a way that 
the impurities are burned out by the oxygen or absorbed by the 
basic or acid clay lining of the furnace. To furnish additional 
oxygen and to increase the fluidity of the molten metal, iron oxide, 
ferro-manganese, and other materials are added in the form of 
lumps which are thrown into the furnace by hand. The furnaces 
for making open-hearth steel consist practically of a shallow tank 
with a refractory lining. Over this shallow tank or hearth a gas 
flame plays while the metal melts into a seething mass. The 
sulphur and carbon are burned out and the phosphorus becomes 
burned out or absorbed by the lining. At the end of the process 
which, as Mr. Kuichling has said, is determined largely by the 
experience of the iron master, the molten metal is run into large 
ingot molds. These may be as large as 20 in. square and 6 or 8 ft. 
high. These ingots cool or freeze exactly as do blocks of artificial 
ice. The pure steel cools first and is on the outside of the ingot, 
while the center, especially near the top and bottom, contains the 
highest percentage of impurities. When the ingot is rolled or 
hammered the impurities exist as streaks in the finished product. 
These streaks of impurities may consist of manganese sulphide, a 
compound of manganese and sulphur. This fact is not surprising 
when it is remembered that the manganese in the form of lumps of 
ferro-manganese as large as one’s fist is thrown into the furnace by 
the shovelful and its mixing with the molten metal is dependent 
very largely upon the chemical reactions within the furnace and 
that agitation which occurs when the metal is run into the ladle 
and from thence into the molds. There is always the danger 
that the product will not be homogeneous. When the ingot which 
has its impurities more or less localized is rolled out into a sheet, 
the latter will also contain localized impurities. The impurities 
have a different electrical potential from the pure steel; electroly- 
sis is set up in the presence of water, and wherever conditions 
exist in any part of the metal where electrolysis takes place, that 
part will corrode a great deal more quickly than where the metal is 
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homogeneous. Thus pitting occurs in spots adjacent to small 
particles of impurities. Wrought iron is much less readily at- 
tacked because it is usually more homogeneous. There is no 
reason, however, why steel cannot be made as homogeneous as 
wrought iron if sufficient pains be taken with it. 

The Engineering News * about a year ago published a very in- 
teresting article by Prof. Henry Fay, of Boston, on the failure of 
steel rails due to the presence of manganese sulphide. It was found 
that the manganese sulphide would segregate in spots in the rail 
and would form a center for corrosion or deterioration. It was 
often the case that the rail would crack, and at the point of fracture 
manganese sulphide was found in almost every case. Other in- 
vestigators have shown that steel cannon have failed for the same 
reason. This experience has led to the production of ingot iron, 
as several speakers have mentioned. This latter contains little 
mangariese, and more care is taken to have the metal homo- 
geneous. The manufacture of steel plate from this ingot iron 
seems to offer the greatest hopes for the production of a metal 
highly resistant to corrosion. 

Regarding coatings, the speaker would say that it has always 
seemed to him that the first requisite of a coating is to keep the © 
water away from the pipe, and the reason why some of the varnish 
coatings like the Sabin coating succeed better than some others 
is because it is baked on the surface of the hot metal. This process 
tends to drive the water away from the metal and to allow the 
coating, so to speak, to get next to it. Mr. Kuichling’s remarks 
that the definition of asphalt is in a muddy condition is explain- 
able to some degree by the fact that it is the “ mud” in the as- 
phalt which makes it hard to define. Trinidad asphalt may 
contain 25 per cent. of matter besides what chemists call, in a 
very indefinite way, bitumen. This 25 per cent. of material is 
more or less soluble in water, consequently if one puts Trinidad 
asphalt or any partially soluble asphalt upon a pipe or upon iron 
or steel, the soluble matter will dissolve out, leaving a porous 
coating, the water will come in contact with the iron, and because 
iron is soluble in water, and especially so in water which contains 
neutral salts or acid salts, the metal will corrode, the more readily 


* Engineering News, Vol. LXIII, p. 381. 
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the more streaky is its structure. On the other hand, if certain 
mineral waxes and coal-tar pitch preparations were used, better 
results would be obtained. Pure bitumen is practically insoluble. 
It has been found between bricks exposed by the excavations at 
Nineveh. It is difficult to apply any coating to a metal in a con- 
tinuous sheet and to get it on to the iron without a layer of moisture 
beneath; thus many coatings fail because of imperfect application. 

Mr. Morris Know Es (by letter). The steel and wrought-iron 
mains referred to have taper joints, with smallest diameter 50 
in.; thickness of plate for steel main, ? in. for 1800 ft. and 3 
in. for 2000 ft. There were no records of the thickness of the 
wrought-iron pipe, and present calipering would be subject to too 
much error. 

The steel main was cleaned in 1896 by scrapers and wire brushes 
and then repainted. 

Mr. E. Kutcuuine (by letter). The discussion of the paper has 
brought out a number of highly interesting experiences and 
opinions. Mr. Luce’s notion that wrought iron is more porous 
than mild steel, and that preservative coatings of paint, varnish, 
or enamel adhere more tightly to surfaces of wrought iron than to 
steel, because some of the coating material flows into open pores, 
implies that the pores are of such shape as to lock the covering 
substance mechanically to the metal by a vast number of ex- 
tremely minute bulbous stems or dovetails. A porous structure of 
this kind was not revealed by the microscope in many examina- 
tions of iron by the author, except after the action of strong acid, 
and then only in comparatively few places. It is possible, however, 
that the manner of, preparing and viewing the samples was at 
fault. 

The statement is also often heard that the surface of rolled 
wrought-iron plate is much rougher than that of steel plate. This 
may be due to differences in the finish of the rolls, as there seems 
to be no good reason for the same rolls producing a rough or 
porous surface on one metal and a smooth or dense surface on the 
other. The chances for variation in the composition of the coating 
material, and its mode of application, are far greater than any 

‘possible difference in character of surface. Roughness of metal 
surface implies that the coating is uneven in thickness, and hence 
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of unequal strength and intensity of adhesion, whereas the 
opposite results are claimed. The subject requires much closer 
study before a satisfactory explanation can be given. 

In considering the life of relatively thin pipes of iron and steel, 
the original thickness of the metal seems to be a very important 
factor. The steel plate of the 60-in. Allegheny main, cited by 
Mr. Knowles, is 0.5 in. thick, and the thickness of the two 
Pittsburg rising mains are said to be considerably greater. It is 
needless to say that under like conditions of corrosion a thick 
plate will last longer than a thin one. 

The computed values of the Kutter coefficient ‘n” given by 
Mr. Knowles for the Pittsburg riveted mains are very interesting, 
but they should be supplemented by stating pipe diameters and 
plate thicknesses,.as well as time and manner of cleaning the steel 
main. In a description of the Pittsburg water works published 
a number of years ago, it was stated that the old wrought-iron pipe 
was 48 in. in diameter and 0.75 in. thick. This plate thick- 
ness seems excessive, but if correct it will account for the high 
value of ‘‘n,” owing to the relatively large difference in diameter 
at the circular joints. 

The remarks of Mr. Weston furnish excellent reasons for the 
pittings so often found in steel pipes, and also for the occasional 
failures of bituminous coatings. They indicate that there is 
room for improvement, not only in the fabrication of steel, but also 
in the composition and application of preservative coatings, and 
it is to be hoped that he will point out in other papers how advances 
in these directions can be attained. 
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THE CORROSIVE ACTION OF WATER ON METALS. 


BY ROBERT SPURR WESTON, SANITARY EXFERT, BOSTON. 
[Read September 23, 1910.) 


It is not intended that this paper be a theoretical treatise on the 
nature of water and its solvent action on metals, for that side of 
the question has been discussed ably by Whitney (1),* Cushman 
(2), Walker (3), Kanolt (4), and others, and in the JouRNAL of the 
New England Water Works Association by Mr. Harry W. Clark 
(5), who has described the investigations which he made, under the 
direction of the Massachusetts State Board of Health, into the 
action of water on lead service pipes; also by Mr. Freeland Howe, 
Jr. (6), whose paper treats of the general subject. Furthermore, it 
is not the plan to list ali the troubles which are familiar to most 
water-works managers, but rather to outline a few of the causes, 
effects, and remedies, with the hope that those who meet with 
the same in practice may be moved to contribute from their 
experience to the discussion. 


WHY DOES WATER CORRODE OR DISSOLVE METALS? 


There is no metal which is absolutely insoluble even in pure 
water. There is little pure water obtainable, and the greater the 
amounts of certain impurities in the water, the greater the solvent 
action it has for metals. Iron is quite soluble, zinc more so. This 
tendency of a metal to go into solution is called the “ solution 
pressure’; that is, the molecules of the metal tend to diffuse 
among the molecules of the water just as a little sugar, even if not 
stirred, tends to diffuse in a cup of hot water and to sweeten the 
whole cupful. The amount of any metal which will dissolve in 
absolutely pure water is very limited, and the action soon comes to 
a standstill. The theory of this action has been explained by 
physical chemists and is known to most of you as the “ electrolytic 
theory of corrosion.”’ This theory states that water is partly dis- 
sociated into its hydrogen (H) ion and its hydroxyl (OH) ion. 


* Numbers refer to the references at the end of the paper. 
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“Ton” is a synonym for “ component.’”’ When a metal is im- 
‘mersed in water a “ battery ’’ or electrolytic effect is produced, and 
a certain amount of the metal is replaced by the hydrogen com- 
ponent of the water. The hydrogen goes into gaseous form and 
the metal into solution. In pure water this action soon comes to a 
standstill, because a film of hydrogen gas collects on the surface 
of the metal and, being a non-conductor, really shuts off the 
current, that is, polarizes the iron. Whenever anything like an 
acid —which increases the hydrogen side of the equation — or 
oxygen — which “ depolarizes”’ the iron — is present, the action 
is accelerated; and when any substance containing hydroxy], like 
lime or caustic soda, is present, the action is hindered or retarded. 
For example, iron dipped in weak acid dissolves rapidly, while the 
same dipped in lime water remains bright indefinitely. The most 
common acid in water, and the one most important, is carbonic 
acid (H,CO;), which dissociates into H and HCO;. Thus, when 
large quantities of carbonic acid are present, the number of hydro- 
gen (H) ions is greatly increased, and the well-known corrosive 
action of such waters is evidenced. p 
When oxygen is dissolved in water an oxidizable metal like iron 
corrodes more rapidly because the oxygen depolarizes the iron 
upon which the hydrogen tends to precipitate. It also rusts and 
throws the metal out of solution as fast as it dissolves; insoluble 
iron precipitates and leaves room for still more of the metal to go 
into solution. This oxidizes in turn ard precipitates, and as fast 
as the iron oxidizes, the hydrogen, because of the so-called de- 
polarizing action, is pushed off the surface of the metal in the form 
of bubbles, thus preventing the formation of a film of gas thick 
enough to protect the metal against solution. Waters frequently 
contain more than 14 parts of oxygen per million. The amount 
dissolved is dependent upon the temperature and pressure. Deep 
well waters are naturally quite free from oxygen, while surface 
waters are nearly always saturated, and those which contain very 
active growths of alge are frequently supersaturated. On the other 
hand, ground waters, especially those from shallow wells, frequently 
contain considerable oxygen, probably because they are supplied 
in part by surface water. Therefore one may expect to find iron 
rust in most waters which attack iron. Some deep well tubes, 
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however, are corroded and waste away without the slightest trace 
of rust. 

The kind of metal present also affects the degree of action of the 
water. All metals vary in their degree of solubility. Sodium, 
potassium, and calcium dissolve very rapidly and with the evo- 
lution of considerable heat; while gold and platinum are practically 
insoluble even when certain strong acids are present. Between 
these extremes lie the different metals used in water-works practice. 


The following table of metals, arranged in the order of their 
solubilities, is of interest. 


Aluminum. 
Zine. 
Tron. 
Nickel. 
Lead. 
Tin. 
Copper. 


The order given in this table has been determined by measuring 
what is called the “‘ solution pressures’’ of the various metals. 
These results give them their relative positions in what is known as 
“‘ the potential series of the metals.” The fact that water acted on 
metals in the order given in the table was known by practical men 
long before it was confirmed by the experiments establishing the 
theory. 

Electrolysis is another factor which influences corrosion. If 
iron and zinc are placed side by side in water which attacks them 
but slightly, and connected with one another, the zine will go into 
solution and the iron remain. This principle is made use of in 
copper mines where the waste waters, containing valuable copper, 
are passed over iron chips, when the iron goes into solution and 
the copper takes its place. In similar cases the least soluble metal 
will remain unaffected. 

It is a well-known fact that no iron dissolves from galvanized 
iron pipe until the zinc near the point of corrosion has disappeared. 
Lead-lined and tin-lined iron pipe frequently fail because the iron 
has an increased tendency to go into solution in the presence of 
lead or tin. Tin-lined iron pipe is more subject to corrosion. It 
is a fact that tin ‘shrinks after it crystallizes, leaving numerous 


— 
a 
. 


562 THE CORROSIVE ACTION OF WATER ON METALS. 


cracks through which the water can pass to the iron pipe through 
the tin lining. It has generally been believed that a tin lining 
will protect lead pipe against solution, but experiments, with the 
assistance of Miss H. R. Hosmer, with lead pipe lined with pure 
tin and exposed to the action of distilled water, natural surface 
water, and natural ground water, showed the presence of varying 
amounts of lead in all of the sixteen samples held in contact with 
the tin lining, and — what was surprising — the absence of tin 
from every one. The amounts of lead dissolved from tin-lined 
pipe in the above-mentioned experiments are given beyond. In 
these experiments the sample of ground water and one of the 
three samples of surface water were kept in the laboratory for 
several weeks. They lost carbonic acid while standing, and their 
diminished corrosive action due to this loss may be noted in the 
following table of results, experiments numbered 1 to 14. 


Sotupiuity or Leap From Tin-Linep Pipe. 


Parts PER MILLION. 
| Kind of Water 
1 Ground. 1 day. 4.60 0.0 
2 Filtered surface. " 10.10 0.0 
3 Ground. 5 days. 1.10 0.0 
5 round. 23 0.0 
6 Filtered surface. 18 of 4.00 0.0 
round. 3.80 0.0 
surface 14 3.80 0.0 
round. ee 2.20 0.0 
10 Filtered surface a 2.20 0.0 
round. 43 0.70 0.0 
12 Filtered surface i 1.00 0.0 
13 Ground. y | ee 1.50 0.0 
14 Filtered surface. 4.00 0.0 
15 Unfiltered surface. 15, 2.20 0.0 
16 Unfiltered surface. 1 pee 3.50 0.0 


No tin was dissolved in the presence of lead. The two metals 
have a different solution pressure and the lead will dissolve as long 
as any tin is present. This was confirmed by another experiment 
where pieces of: pure tin and pure lead were connected with a wire 
and suspended in water. 
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The stray electric currents from street railways, lighting and 
telephone systems, when pipes are laid in damp soil or are exposed 
to water, will carry metals with them just as metals are carried 
from one pole to another in an electric plating. bath. The action 
is exactly analogous to the action described above, where the two 
metals connected with one another were immersed in water. So- 
lution generates electric current, and electric current can cause - 
solution. It may be said that the essential factors for the solution — 
of any metal in water are an electric current and the presence of 
a less soluble substance of a different electrical potential. For . 
example, if a piece of iron in water be connected with a piece of 
scale which has a different potential, an electrical current will 
result and the iron will be dissolved rapidly. As is well known, 
wrought-iron services are very long-, and steel services very 
short-lived. The former are made of nearly pure iron; the 
latter contain more scale, more particles of manganese sulphide, 
more sand grains and other impurities tending to establish 
electrical currents when the metal is exposed to water, thereby 
increasing the speed of solution or corrosion. The fact that the 
wrought-iron grillwork on old buildings lasts so much longer when 
exposed to the elements than the modern steelwork is an evidence 
of this fact. . 

Whipple (7) (Eng. Rec., 62, 118) investigated the cause of the 
“red water plague ”’ at Springfield, Mass., and found that it was 
not due appreciably to the introduction of a new filtered water 
supply, as had been feared, but rather to the use of unprotected 
steel tanks and of low-grade galvanized steel pipes for the hot- 
water supply systems where most of the trouble occurred. This 
. action was far more apparent than any action due to the removal 
by the filter of organic matter, which in many water supply systems 
forms a protective coating on the insides of pipes and tanks and 
aids in the resistence of corrosion, but which when removed exposes 
the pipes to the action of the water. : 

The waters most apt to cause electrolysis are those which contain 
large amounts of dissolved mineral salts, such as chlorides, car- 
bonates, and sulphates. These increase the conductivity of the 
water, and hence the corrosion due to electric currents. Mr. W. 
F. Monfort (8) has shown that the corrosion of pipes, meters, and 
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valves of the St. Louis supply, after treatment with lime and 
ferrous sulphates, was due chiefly to this electrolysis. His in- 
vestigations showed that the zinc coatings on galvinized iron 
pipes and gratings disappeared rapidly, and that in meters where 
bronzes of three different compositions were used, those containing 
the highest proportion of the more readily soluble zine and alumi- 


- num corroded most rapidly. These facts were especially interest-. 


ing because the water did not attack iron, although it was alkaline 
and contained neutral carbonates and at times free lime (therefore, 
hydroxyl). There is no red water plague in St. Louis, although the 
water does attack appreciably the somewhat soluble aluminum. 
Naturally, Mr. Monfort recommends that homogeneous materials 
be placed in contact with this water and that one kind of bronze 
be used for meters and valves. Tinning bronze did not protect 
against corrosion any more than it protects lead or iron pipes. 

Another source of acid and corrosion in water is the humus 
matters in peaty waters. The water of Dismal Swamp of Virginia, 
for example, attacks iron rapidly. But, as Mr. George W. Fuller 
(9) states in a recent paper, “‘ It does not seem to be perfectly 
plain, however, how far the acid character of peaty waters may be 
due to carbonic acid and how far to complex and obscure organic 
compounds”; yet such waters, especially the moorland water in 
parts of England, have so marked an action on lead pipe as to make 
it necessary to treat them with lime or soda in order to neutralize 
the effect. 

Mr. J. W. Ledoux (10) has shown that the swampy water which 
supplies Charleston is highly corrosive before filtration. With the 
removal of most of the organic matter by treatment with sulphate 
of alumina and filtration, the corrosive effect is reduced to a 
minimum. The treatment, however, cannot be carried to such‘a 
point that all of the color is removed. To do this it is necessary to 
add so much sulphate of alumina that there is an excess, and 
corrosion due to this excess is produced. Corrosion due to this 
cause can be corrected by the addition of lime; but if this be done 
the removal of color is not satisfactory. Mr. Ledoux does not 
state whether or not he has tried the effect of adding lime after 
the color has been removed by filtration with the aid of a sufficient 
amount of sulphate of alumina. Experiments in England by C. C. 
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Smith (11) would indicate that such a practice would be success- 
ful. 

The waters most liable to attack metals are pure waters con- 
taining large amounts of carbonic acid and oxygen. Waters which 
contain, like the St. Louis water, high amounts of dissolved neutral 
salts are most liable to set up electrolytic action when two dif- 
ferent metals are exposed to them. 


PROTECTIVE COATINGS. 


The action of the water is retarded by coatings which form on 
the insides of metal pipes, the simplest and most common of which 
is iron rust. This forms frequently a so-called tubercle, beneath 
which the iron is often bright and rust-free. In this case there is 
sometimes an accumulation of gas — perhaps hydrogen — which 
prevents the further action of the water. When ground waters 
act on lead pipe, a basic carbonate of lead collects on the inside. 
This retards the action, just as does the iron rust, and it is a matter 
of common knowledge that such waters attack new lead more 
rapidly than old, that is, those on which the coating has formed. 
Again, the suspended silt in some western river waters acts in a 
similar manner. There are in existence iron water-works intakes 
in these streams which have been in use for over fifty years and 
which show no appreciable corrosion. 

The organic matter in many New England surface waters 
effectually protects against corrosion. The writer has had the lead 
service pipes of Concord, Mass., under observation for ten years, 
and observed no more corrosion in the year 1910 than in the year 
1900. Frequently this organic matter is removed by filtration, 
and after a few years complaints begin to appear, due not so much 
to the slight percentage of increase in the amounts of carbonic 
acid or conductivity (due to the addition of sulphate of alumina) 
as to the disappearance of the gelatinous organic coatings from the 
insides of the pipes. At Exeter, N. H., which has been supplied 
for four years with filtered water, always alkaline and free from 
sulphate of alumina, there have been some complaints recently 
because of “ red water” in the hot-water systems. This may be 
due in part, as at Springfield, to the poor quality of the pipes and 
tanks, but the writer believes in great part to the removal of the 
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organic matter by filtration. The effect of filtering such water is 
like changing from a colored surface to a clear ground-water supply. 
This change has been known to increase corrosion. Slow sand 
filters might effect an equal or greater increase in the amount of 
carbonic acid, but because the removal of organic matter would 
not be so complete, it is probable that there would be more pro- 
tection afforded by the organic matter collecting on the insides of 
the pipes. In the writer’s opinion most of the increased corrosion 
of pipes ascribed to filtered water is due to the withdrawal of 
organic matter which would form a protective coating. . 

Monfort (8) has shown that calcium and magnesium car- 
bonates collect on the insides of the service pipes at St. Louis and 
protect them against corrosion. Similar observations have been 
made where water softened with lime and soda has been distributed. 

The lining of iron pipes with tin is some protection, but unless 
the fine cracks become filled, the iron will corrode. Lead is not so 
apt to dissolve from lead-lined iron pipe as from pipe made of pure 
lead; the presence of iron helps to prevent this action, the iron 
being the more soluble metal. 

Certain silicates in water form protective coatings, and the best 
artificial lining for service pipe is the silicate of calcium which one 
one calls ‘‘ hydraulic cement.” Pipes lined with cement have been 
in use for many years, and recently one city has been advised to 
line a riveted steel pipe with this material. While cement lining 
has the disadvantage of being brittle, it is an effective protection 
against corrosion, both because of its alkalinity and its impervious 
nature. It should be recommended for services where water 
attacks lead or iron pipes and where wooden pipes are impracti- 
cable. The idea would be an elastic alkaline coating, say a 
bituminous Portland cement. 


HOW CAN CORROSION BE AVOIDED? 


While the causes of corrosion, though far better understood now 
than formerly, may be obscure, the remedies are obvious and not 
difficult. An excess of carbonic acid in water may be removed by 
aération or by the addition of sufficient lime to combine with it. 
Aération generally suffices. As an increase in the hydrogen ions in- 
creases the corrosive power, so an increase in the opposite hydroxyl 
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ions decreases it. The addition of enough alkali—that is, hydroxyl 
ions — to make a water neutral to phenolphtalein (an aniline dye 
used to test for alkali) is generally sufficient to overcome this 
corrosive action. While this practice is not usual in this country, 
it is common enough in England to warrant its adoption wherever 
necessary. If a water contain dissolved salts, even though alkaline, 
homogeneous metals should be used in contact with it. The 
insides of meters, valves, and pipes, wherever possible, should be 
of such a composition that electric currents will not be generated. 
Cheap steel pipe containing scale and other impurities should be 
replaced with high-grade metal, and where necessary, wood and 
cement-lined pipes should be used. No one should attempt to 
fasten a copper screen with galvanized iron staples unless it is 
desired to have the staples disappear. If, on the other hand, a 
galvanized iron screen, be fastened with copper staples, the screen 
will go first. 

For convenience, a few references to recent literature follow 


this paper. 
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DISCUSSION... 


Harotp C. Stevens, Esq.* The Board of Water Supply of 
the city of New York, in connection with the design of sanitary 
works for the protection of watersheds through which the Cat- 
skill aqueduct is being constructed, has had occasion to seek in- 
formation regarding the effect of hypochlorite of lime solution 
upon metals, and in the operation of the works has gained further 
information. Systematic observations have not been made, and 
the corrosive effects under apparently similar conditions have 
differed quite widely; but the data obtained indicate in a general 
way what to expect. 


* Assistant Engineer, Designer, New York Board of Water Supply. 
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Wrought-iron .pipe is most readily affected. The inverts of 
2-inch pipes having a trickling flow of a one per cent. solution 
through them have been completely rusted through in about four 
months. Three-inch galvanized iron pipes, conveying at different 
times one per cent. and one-half per cent. solutions and flowing 
full, were replaced after about a year’s service, not on account of 
rusting through, but on account of clogging due to the formation 
of tubercles and the accumulation of a deposit of lime. These 
pipes probably lasted longer than would have been the case with 
the plain wrought-iron pipes, because zine is quite resistant to 
corrosion, and, where galvanizing is perfect, would prevent the 
formation of tubercles long enough to permit the coating of lime 
to form and prevent further corrosion. The galvanizing of com- 
mercial pipe is far from perfect, however, and also in making joints 
the zinc coating is necessarily injured, so that only a partial pro- 
tection of the iron results. Galvanized stove-pipe has remained 
in serviceable condition for four months, while plain iron stove- 
pipe in the same place has been ruined. The galvanizing, however, 
now shows rust specks all over. 

Brass pipe is corroded by hypochlorite of lime solution, but 
very much less than iron; in fact, very slowly.. Tubercles do not 
form and the pipe becomes coated with a smooth layer of lime that 
protects the brass from further action. The effect on the flow in 

‘this case is due only to the gradual reduction in the size of the 
duct. It seems reasonable to expect that brass pipe, say 2 in. in 
diameter, would last two or three times as long as iron pipe, before 
renewal or cleaning would become necessary. Moreover, the 
coating in brass pipes could be cleaned out with acid and the pipe 

- be made as serviceable as originally, with threads uninjured, 
whereas iron pipe so cleaned would be found rough and a great 
deal damaged. 

At Board of Water Supply plants, where a two per cent. solution 
was used for one month and a one per cent. solution thereafter, 
bronze float valves are practically perfect after four months’ 
service with a trickle of solution flowing through them, but the 
seats have become coated with lime and consequently do not close 
properly. On scraping off some of this coating the bronze appears 

to be intact. A long brass valve stem in a hypochlorite of lime 
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solution tank after three months showed general pitting, but to 
a very slight depth. A brass screen of about No. 18 wire im- 
mersed in the solution was destroyed in less than four months, 
while another, under almost like conditions, has remained in good 
condition. The screen destroyed was made of very soft brass. 
From such observations as were available at the time of de- 
signing certain of the Board of Water Supply plants, it was thought 
that copper of about 20 gage would be a good material for orifice 
cans, floats, and for lining small tanks. Its value was much over- 
estimated, however, for in one case a copper tank lining was eaten 
through in less than three weeks; and in another case an orifice 
can become leaky in about three months. Floats made of No. 22 
‘copper have become leaky in about three months, being badly 
pitted on all the surface in contact with the hypochlorite of lime 
solution. The leaky orifice can was effectively repaired with 
solder which has resisted corrosion very well. It has not been 
pitted and the only effect upon it that has been noted has been a 
blackening of the surface. 
Tin appears to resist the action of hypochlorite of lime solution 
very well. Two ordinary tinned copper ball floats, in solutions 
of one-half per cent. to one per cent. strength, lasted for nineteen 
months, and one was still serviceable. A similar larger float, in 
2 per cent. solution for one month and in 1 per cent. solution 
- thereafter, has been in service for four months and appears to be 
in perfect condition. There is a slight coating on the surface, 
but if this is scraped off, bright tin appears underneath, 

Bronze orifice plates made of ‘‘ Worthington anti-corrosive 
metal” have stood well. The edges are not quite so sharp as 
originally, but the discharge coefficient has increased during nearly 
two years of service only about three per cent. Part of this effect 
can be attributed to wear rather than corrosion. 

The effect of hypochlorite on one large metal supply main was 
to detach the organic matter, which quickly: appeared at the reser- 
voirs. The next gaging of the pipe showed an increase in carry- 
ing capacity of about six per cent. from the previous year, whereas 
theretofore there had been an average yearly reduction of about 
four per cent. in carrying capacity. It is to be expected that simi- 
lar effects would always be observed in supply mains leading 
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from reservoirs, for in such cases vegetable growths have a large 
effect on the carrying capacity. No observations have been made 
on the corrosive effects in metal mains, but a strong hope seems 
justified that no material damage will result, since the dose is 
minute and by far the greater part of the applied chemical is 
taken up by organic matter in the water before it has a chance to 
come in contact with the pipe. The point of application of the 
chemical would, of course, have an effect on the results. A rela- 
tively long period between the application of the dose and the en- 
trance of the treated water into the pipe would lessen the tendency 
to action on the pipe. 

Wood is readily affected by hypochlorite solution. Mixing ; 
tanks of white pine began to show serious damage within a month, | 
the end grain at the rabbet being affected most and so softened 
that it could be crushed or scraped out. Storage tanks contain- 
ing two per cent. solution were not much affected during the same 
time. All tanks, however, were lined with cement mortar shortly 
afterwards. Wooden stilling boxes have lasted for nearly two 
years in solutions of one-half per cent. and one per cent. strength, 
but at the end of a year and a half the wood was found to be so soft- 
ened that the edges could be broken off with the hand. Wooden 
floats boiled in paraffine and coated with a thick layer of paraf- 
fine have been used successfully. They appeared to be entirely 
unaffected after many months of service. 

Mr. Epwarp D. Extpreper.* We have had salle an inter- 
esting example of corrosion occur lately in the internal parts of a 
pump close to the composition valve seat. The cast iron was 
originally fully an inch thick, but a hole appeared entirely through 
the iron. The hole was chipped out round, tapped, and a #-in. 
pipe plug put in. Not many days after, the plug became loose, 
the iron being further corroded, the hole was tapped larger, and an 
inch plug put in. The hole for the inch plug gave an opportunity 
to reach down with the finger to the under side of the plate, and 
there were cavities there which indicated that at some parts the 
iron was not over a quarter of an inch thick. This was in the 
cylinder of the pump, a part of the main casting, and it made it 
necessary to condemn the cylinder. I should like to hear any 

* Superintendent Onset Water Company, Onset, Mass. 
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discussion on the subject as to what was the cause of such a cor- 
rosion, my idea being, not that it was electrolysis from any stray 
current, as such conditions did not exist, but that it was due to the 
presence of an excess of composition — the subject which Mr. 
Weston referred to; that the excess of composition in proportion 
to the amount of iron set up an action there which corroded the 
iron. The piston, piston rod, cylinder lining, valve seats, etc., 
were of brass. The case seemed to me to be more marked than 
any other I had ever known. The new pump will have a cast- 
iron piston and steel rod. I shall expect any corrosion that may 
occur to show itself on the iron piston, which can easily be renewed 
if necessary. 

_ Mr. Sauer A. Acnew.* I do not intend to go into the scien- 
tific reasons for this, but I am rather surprised at some of the 
things Mr. Weston has told us, and I guess there are a number of 
others who feel the same way. For instance, referring to gal- 
vanized iron pipe, I always supposed that we used galvanized 
iron pipe because the galvanizing was not dissolved in the water 
the same as the iron was. As I understand from Mr. Weston, it 
is actually dissolved, but so long as there is any galvanizing there 
it so saturates the water that the water does not affect the iron. 
Did I understand this correctly? 

Mr. Weston. Locally, yes. 

Mr. Acnew. This is rather a surprise to me, because I have 
often found the pipe eaten into where the galvanizing has been 
broken off at the ends to the extent that the pipe has started leak- 
ing. Now, according to this theory, so long as the galvanizing 
is there to keep the water saturated with this material, there is no 
room left for the iron to penetrate'the water. I should like to 
have an explanation so I could understand it a little better. 

Mr. Weston. The explanation of that point is rather compli- 
cated, as there are two actions going on. First, there is the solu- 
tion of the zinc in the presence of iron; and then there is the pro- 
tection of the zinc coating itself, the zinc rust combined with the 
organic matter. Probably in a great many waters the latter is 
a much better protection to the zinc than any iron-rust coating is 
to the iron. After the galvanized coating disappears, the iron 


* Superintendent Scituate Water Works, North Scituate, Mass. 
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beneath the galvanized iron coating goes very much more rapidly 
than the zinc went, because the iron rust formed does not protect 
the iron to the degree that the zinc rust protected the zinc. One 
must not confuse the protective coating idea and the solution 
idea. Those two things are entirely distinct and they complicate 
each other. Mr. Eldredge’s question I can only answer by men- 
tioning cases where ordinary cast iron, the material composing 
the pump chamber Mr. Eldredge spoke of, exposed to water con- 
taining silica, had become so soft that it could be cut with a 
knife, most of the iron having changed over from metallic iron to 
iron silicide. In this case the silica in the water had interchanged 
with the iron, the iron going into solution and the silica combining 
with the remaining iron making a soft iron-silicate. There are 
other similar cases on record. Such cases occur generally in 
ground or sea water containing a good deal of silica. 

One additional word with regard to the organic matter which 
affects pipe. Organic matter in a great many waters is not in 
solution, but in a state of finely divided suspension. It is in 
gelatinous form. When an electric current is passed through 
water containing this gelatinous matter the latter migrates to the 
iron, and plates out on its surface just as silver plates on copper in 
an electric plating bath; this peculiar gelatinous substance is a 
great protection to all metals exposed to water. On the other 
hand, if there is present humus matter, or organic matter such 
as we find in the Dismal Swamp water, that is of an acid character, 
it acts like the chlorine in bleaching powder or like carbonic acid, 
interchanging with the iron, and the iron thus freed goes into solu- 
tion. Thus when we say organic matter, we mean two things, — 
acid organic matter which corrodes, and gelatinous organic matter 
which protects. 

THE Presipent. I would like to ask Mr. Eldredge if his supply 
is from wells. : 

Mr. ExtprepGe. No, it is from a pond which is fed entirely 
from the bottom, there being no surface inlet or outlet. It is 
practically natural filtered ground water that has been exposed 
to the air. 

Mr. W. C. Hawtey.* Referring to the matter of the deteri- 


* Engineer and Superintendent, Pennsylvania Water Company, Wilkinsburg, Pa. 
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oration of cast-iron pipe, the original 12-in. main in Atlantic 
City was laid in 1882. In fifteen or twenty years the character 
of the metal-had changed to such an extent that with a jack-knife 
you could readily cut into it from one eighth to one quarter of an 
inch in depth. Before the steel main was laid, in 1901, we took 
out some sections of the old 12-in. pipe where the action had 
apparently gone entirely through the shell of pipe. 

We have had rather an interesting experience with hypochlorite 
of lime. We began using it some six or eight months ago, before 
we completed our filter plant. The galvanized iron pipe through 
which the solution is fed to the suction well is still in very good 
condition except where cutting threads on the pipe removed the 
galvanizing. Ordinary brass is quickly attacked, but a good grade 
of bronze shows no sign of damage. About the time we began 
using the lime, we were forced, on account of repairs to the other 
engine, to run one of our large engines for some months without 
being able to get into the condenser, which is located on the suc- 
tion pipe, to examine it or clean it. Our vacuum began to reduce 
and dropped off from about twenty-six inches to about nineteen 
inches, but within twenty-four hours after we introduced the 
hypochlorite the vacuum had increased to about normal. I 
began to be frightened for fear the hypochlorite might injure the 
tubes in the condenser, and we shut down long enough to examine 
them, but found that no damage had been done to the tubes but 
that they had been thoroughly cleaned of all organic matter and 
sediment which had collected on them and they were left clean 
and in good condition. 

Mr. Wiuuiam F. Suiivan.* The difference in the ruling 
prices between plain wrought-iron pipe and galvanized iron pipe 
is about ten per cent. I would like to ask Mr. Weston if his . 
researches would indicate that that difference in price would be 
offset by the life of the galvanized pipe. 

Mr. Weston. It is difficult to answer Mr. Sullivan’s question 
directly because some waters form a protective coating on the 
surface of the zinc and others do not. In the case of a water con- 
taining little mineral matter and much carbonic acid, for example, 
a pure ground water, a protective coating would be very slight, 


* Engineer and Superintendent, Pennichuck Water Works, Nashua, N. H. 
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the zine would dissolve rapidly, and galvanized pipe would not 
pay. On the other hand, most New England surface waters 
attack zine very slowly and form good protective coatings. The 
additional benefit which would accrue from having pipe which 
does not clog with iron rust is worth the extra price of galvaniz- 

ing when this kind of water is passed through it. In other words, 

the character of the water must be taken into consideration; if 

it attacks zinc rapidly it hardly pays to use galvanized iron pipe 

with it. If it is like most New England surface waters, like the 

water of Mr. Sullivan’s city, Nashua, for example, it does decidedly 

pay, because the zinc rust is white, the iron rust is red, and one 

does not notice the zine rust in water. 

I fear that I did not answer Mr. Agnew clearly enough. The 
electrolytic action between iron and zinc and galvanized iron 
pipe is very much localized. If the zinc had dissolved or had worn 
off one end of the pipe and the iron was exposed, and if the zinc 
coating some distance from this point was attacked, it would not 
protect the exposed iron some distance from it. The resistance of 
- the water to the passage of electric currents between distant points 
is so great that the electrolytic action is usually local. If an 
ordinary galvanized iron nail be put into pure water stiffened with 
agar, a jellylike substance, solution of the zinc begins immediately, 
but only at certain points. The whole length of the nail may be a 
series of alternate positive and negative points, the solution tak- 
ing place at the negative points only. Sometimes there are four 
or five positive points and four or five negative points along the 
length of a nail three inches long. One would expect to find the 
same phenomena inside a service pipe, namely, alternate nega-- 
tive or solution points and non-solution or positive points. 

Mr. Kuicuuinc. Do they not also interchange and keep 
changing? What are negative to-day may be positive next week? 

Mr. Weston. Yes. 

Mr. Kuicuune. And for that we have no good explanation? 

Mr. Weston. No, sir. : 
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ICE FORMATION. 


BY H. T. BARNES, D.SC., MACDONALD PROFESSOR OF PHYSICS AND 
DIRECTOR OF THE PHYSICAL LABORATORIES, MC GILL UNIVER- 
SITY, MONTREAL. 


[Read September 22, 1910.] 


I have the honor to present in this paper a brief account of the 
main results of a study for many years of the ice conditions on the 
St. Lawrence River. I have no doubt many, if not all, the mem- 
bers of the Association have had practical experience of the for- 
mation of ice in connection with water works, and I should deem 
it a great privilege to have discussions from those who have to 
deal with practical problems. 

Being ice bound for so many months of the year, the St. Law- 
rence has offered favorable facilities for studying ice formation 
on a large scale. The river is not subject to floods, as are many of 
the American rivers; its flow is more uniform, but it experiences 
floods at many places for a short time each winter and spring, 
due to the accumulation of ice. A royal commission was appointed 
in 1885 to study the cause of the floods which produced so much 
inconvenience at Montreal. A very valuable and comprehensive 
report was issued giving an account of the general ice conditions 
of the river. A large number of maps were also produced, illustrat- 
ing the exhaustive ice survey made at the time. The conclusions 
arrived at by the commission were that the floods were caused by 
the accumulation of frazil and anchor-ice and the general stop- 
page of the channel caused by the winter ice pack. They ad- 
vocated keeping the river clear of ice from Lake St. Louis to tide 
water, in order to give a free runway for the ice. Much attention 
was directed to the character of frazil and.anchor-ice, and many 
attempts were made to find some connection between the tem- 
perature of the water and the formation of these ice masses. 
Ordinary methods of measurement were found to yield conflict- 
ing results, but the most careful series always showed practically 
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no deviation of the temperature of the water from the freezing 
point. This has been the universal experience of all who have 
attempted to follow the course of water temperature during the 
winter months. In 1895 I made a serious attempt at the problem 
‘employing a very delicate thermometer,* and I succeeded in 
showing that the temperature was subject to minute variations 
of the order of a few thousandths of a degree. Thus the total 


variation of temperature in the water during the winter probably- 


never exceeds one or two hundredths of a degree unless from 
exceptional circumstances. Yet within the limits of so small a 
fluctuation tremendous physical effects are produced. Nowhere 
can one find a more wonderful exhibition of the delicate poising 
of the forces of nature. 

Recent observations made on the river from the decks of the 
Canadian government ice-breakers, which were kindly permitted 
by the Department of Marine and Fisheries, have confirmed the 
earlier conclusions. 

In nature we find three kinds of ice formed, — surface ice, 
frazil-ice, and anchor-ice. The circumstances giving rise to the 
production of any of these forms are now well understood and 
easily recognized. 

'‘ Without going too deeply into the theoretieal reasons for many 
of my conclusions, I wish to point out as briefly as possible what I 
have found characteristic of each of these forms of ice. 


SURFACE ICE. 


In a lake or quiet river not flowing with sufficient rapidity to 
produce serious eddies, we find with the advent of cold weather 
and the approach of the water temperature to 32° Fahr. that there 
is a tendency to form ice. Depending to a large extent on the 
vagaries of climate or direction of wind, the ice forms first along 
the shores and gradually extends out on all sides. Several con- 
ditions must hold before the surface can be entirely covered. The 
water must be at or very near the freezing point, the air tempera- 
ture must be at or below the freezing point, and the wind must be 
practically zero in order that no ripples be produced. The latter 


* Fully described in “ Ice Formation,’”’ New York, John Wiley & Sons. 
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condition does not occur very often, but when it does the surface 
becomes covered with ice. Wind then no longer disturbs the 
surface and the growth of the sheet proceeds at a uniform rate. 
As long, however, as there are ripples, the surface cannot freeze 
in a solid sheet. The crystals of ice which are formed with a wind ° 
are broken up and prevented from freezing together. Surface 
waves are exceedingly effective in retarding the ice sheet. 

Atmospheric humidity determines very largely the growth of 
the first ice cover. A dry wind will produce rapid evaporation 
and a consequent rapid absorption of heat. In a cold atmosphere 
the air over the water is warmed and is in consequence capable 
of absorbing more moisture than it can hold when blown away to 
colder parts. Hence the characteristic steaming of open water 
or thin ice, which is observed when the atmosphere is in the neigh- 
borhood of 10° Fahr. It can be readily shown that air of 25 per 
cent. humidity will increase. the rate of growth of an ice sheet as 
much as 50 per cent. up to a thickness of about an inch, after which 
the influence becomes proportionately less as the sheet thickens. 
A cold, dry north wind blowing over water has a large influence 
on the formation of ice. 

The exact temperature of the water also plays an important 
part in the formation and growth of surface ice. .With water 
exactly at 32° ice will thicken indefinitely as long as the air tem- 
perature is below the freezing point, the rate of growth becoming 
very small for great thicknesses. It seldom happens, however, 
that the water is exactly at 32° under an ice sheet; it is usually 
one or two hundredths of a degree above freezing, and the influ- 
ence of this is to produce a limiting thickness to which the ice will 
grow; or, in other words, a balance is finally produced between 
the heat carried away by conduction through the ice and heat 
supplied by convective streams of water slightly warmer than 32°, 
which bathe the under surface of the ice sheet. If the water is 
higher in temperature, due to bottom streams being deflected 
upwards by shoals or to warm springs, then no surface ice can 
form at all. Thus we often observe “ air holes ”’ in lakes or rivers 
otherwise frozen over. Measurements of the temperature of the 
water in these air holes have shown a temperature higher than 
existed under the surface ice in the immediate neighborhood. 
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RATE OF GROWTH OF SURFACE ICE. 

As soon as the first thin layer of ice has taken over the surface 
of still water, the growth proceeds at a perfectly regular rate which 
may be calculated. The position of the first crystals are along the 
surface of the water, but as soon as the formation proceeds as a re- 
sult of conduction of heat through the ice, then the ice crystals are 
all orientated with their principal axes at right angles to the water 
surface. It has been indicated by previous experiment that an 
ice crystal conducts heat best in the direction of the principal 
axis, and the fact that all such crystals are turned so as to trans- 
mit the heat of the water most readily indicates that this is so. 
The difference between conduction ice and conglomerate ice — 
that is, ice formed by the freezing together of irregular masses — 
is very great when considered with reference to their power of 
disintegration. Salt-water ice is a notable example of this, and 
the masses of such ice not being regular in crystalline structure 
take a very long time to melt. It is only conduction ice that forms 
on a smooth lake or river, the conglomerate ice being produced 
along the shores and in the bays of rivers flowing too swiftly to 
freeze over entirely, by loose masses of floating ice being blown 
inshore by the wind and freezing together. 

There has been very little if any scientific work done in studying 
the rate of growth of surface ice, and the data available are practi- 
cally useless. The question in any particular case is complicated 
by variable meteorological conditions, and the opportunity to 
accurately study the natural rate of growth of ice is not often at 
hand. Some exceedingly valuable results were obtained by my 
assistant, Mr. King, last winter while at work on the government 
ice-breaker Lady Grey. A quiet bit of water next the ship in the 
Louise Basin at Quebec was studied during a period when the 
tide was not running rapidly. Ice commenced to form over this 
water, and for’a considerable time Mr. King withdrew, at inter- 
vals, portions of the ice sheet for measurement. This was kept 
up until an adverse wind and change of tide swept the whole sheet 
away. Nevertheless the observations were made with great ace 
curacy, and, what is most valuable, simultaneously with obser- 
vations by the microthermometer of the temperature of the water, 
the humidity, and the air temperature. We have spent a great. 
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deal of time analyzing these results, and while we feel that more 
extended observations are necessary to verify and support the 
various points raised, yet the matter is of so much interest and 
importance that it warrants more extended observations being 
made. It is not possible in this paper to give an adequate descrip- 
tion of the mathematical analysis necessary to arrive at the various 
conclusions, but this will be set forth later in another place. 
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The main factor in surface ice formation is the conduction effect, 
but the rate of growth is affected by convection currents in the 
water, humidity of the air, which influences the evaporation, and 
the velocity of the air currents over the ice. Radiation is a small 
factor which. comes into the calculations, both a gain of heat from 
the sky and loss of heat from the ice surface to the air. Accumu- 
lations of snow on the surface will produce an uncertain factor, but 
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nevertheless an important one which may be corrected for when 
the depth of snow is known. 
Taking conduction alone, a theoretical expression of the type 


K x 


can be readily deduced. In this K is the conductivity of ice, o 
is the density of ice; L is the latent heat of fusion; @, the tempera- 
ture of air; 2z, the distance the ice has attained at a time ¢, and 
lo, an expression giving the boundary conditions between ice and 
water. 
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Instead of deducing a general equation with terms involving all 
the quantities which enter into the growth of ice, it is better to 
take each separately and determine its effect on the general equa- 
tion. Thus the fact that water under the ice is usually one or two 
hundredths of a degree above freezing means that the convection 
currents bring about the limiting thickness. It is possible to arrange 
in the form of a diagram, Fig. 1, a simple means of finding the limit- 
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ing thickness to which surface ice will grow, having given the con- 

dition of mean air and water temperature. The condition of 

no ice may exist and the boundary showing the limit of the ice is 
shown where the lines cut the vertical axis of temperature. 

The effect of evaporation I have already discussed. Fig. 2 
illustrates the effect of different degrees of humidity on the rate 
of growth of ice. The effect of radiation on the growth of surface 
ice is small and not easily determined, and may for simplicity 

be included with that due to convection; but, although so im- 
portant a factor in the formation of anchor ice, it is unimportant 
considered with reference to producing surface ice growth. 


FRAZIL ICE. 


Wherever a river flows too swiftly for surface ice to form into 
a sheet, it remains disintegrated in small crystals and is carried 
down by the current. On account of the smallness of the crystals 
they have little buoyancy and are, therefore, easily swept under 
by currents. The amount of frazil, as such ice is called, that is 
formed depends somewhat on the mean air temperature, but more 
on the degree of agitation of the water. Thus in rapids where the 
water tumbles over rocks and is otherwise intimately mixed with 
the cold air, a great deal of frazil is produced, which becomes 
troublesome at times and causes winter and spring floods on many 
rivers. It is swept by currents under the surface ice which is 
formed in the quieter parts of the river, and then floats up to the 
underside of the surface sheet and freezes, building down great 
hanging dams that become as impervious to water as so much rock. 
The natural river channel is restricted and in consequence the 
winter level is much higher than in summer. 

I have shown* that this ice is formed most rapidly on the surface, 
but it appears also throughout the body of the river when the 
water is supercooled. The supercooling is never more than a few 
thousandths of a degree, but notwithstanding this it produces 
great physical effects. It is during such a time that the ice be- 
comes adhesive, agglomerated, and produces trouble to the opera- 
tors of water powers. The strength and tenacity of the frazil as 


* “Tee Formation.” 
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long as the temperature remains below the freezing point is enor- 
mous. It wants but the very smallest change of temperature in 
the water, however, to make it soft and spongelike and easily 
disintegrated. 

The sun is the most powerful agent in imparting the necessary 
small fraction of temperature to the water to relieve ice troubles. 
Thus water wheels which have been securely cemented during the 
night are soon running again the next day when the sun comes out. 

Artificial methods of heating have been developed which have 
proved remarkably successful? The most effective methods 
are those of Mr. John Murphy, E.E., of Ottawa, who has been 
studying the problem for many years. There is now no reason 
why any power plant operated by hydraulic means should suffer 
from ice troubles. This has been brought about through a care- 
ful study of the physical laws underlying the formation of ice. 


ANCHOR-ICE. 


The formation of ice on the bed of a river which is not frozen 
over has been observed for many years. Many names have been 
given to this ice. In America it goes by the name of anchor-ice, 
but in Europe by bottom or ground ice. There has been much 
discussion over the cause of the formation of this ice. It has now 
been widely accepted that it grows on the surface of objects im- 
mersed in water which is slightly supercooled and flowing too fast 
to freeze over. On clear, cold nights it is found growing more 
rapidly than on cloudy ones, and it is observed to form on dark 
rocks faster than on light-colored ones. ‘Terrestrial radiation is, 
therefore, responsible for much of the ice, and in addition vast 
quantities of frazil crystals are frozen to the bottom-ice after hav- 
ing been carried down by currents. With the water above the 
freezing point no anchor-ice can form, and it has never been ob- 
served to grow on the bottom under surface ice. Whenever it has 
formed previous to surface ice it is dislodged as soon as the cover 
forms, and rises up to become attached to the underside of the 
surface sheet. 

The sun has a powerful influence in preventing anchor-ice for- 
mation, and in melting it off when once it has formed. It is a 
well-known sight along the St. Lawrence, on a clear, cold morning 
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in winter, to find great masses of ice rising from the bottom as 
soon as the sun’s rays can penetrate into the water.’ These masses 
have been attached to the ground, and by growing in size have 
exerted greater and greater buoyant force on the rocks. Some 
of them come up bringing masses of rock with them purely by 
their own force, but the warm penetrating rays of the sun soon 
clear the bottom. The masses come up with such force that they 
often protrude high out of the water, resembling great dark masses 
of earth, turning white as the water drains out. Soon the whole 
surface of the river is dotted thiekly by these white patches of 
varying size, floating down with the current. The natives along 
the river call the masses ‘“‘ haycocks of ice,” a name quite appro- 
priate to this form of soft ice. Boatmen on the river are very 
careful not to go out when the ice is rising, for fear of being sur- 
rounded or upset by masses of this ice rising under the boat. In 
Russia a great deal of time has been devoted to the study of 
anchor-ice, and the floods caused by the packing of such ice carried 
down by the currents. In many respects the conditions on the 
Neva are quite similar to those on the St. Lawrence. It is an 
interesting point to be observed that the Russian engineers de- 
tailed to study the question of winter floods on the Neva have 
reported along a line exactly similar to the report of the Montreal 
Flood Commission in 1886. It is pointed out how useless it is to 
try and combat the ice packs after they are formed, but that every 
effort should be made in the early stages to prevent them from 
forming, by means of ice breakers. The water channel must be 
kept open to allow of a free runway of the ice to tide water, and 
by this means only can floods be prevented. In conclusion it may 
be said that there is much to be gained by an active study of ice 
and methods of prevention on our lakes and rivers. The results 
have so far been surprising, but a much greater gain may be 
looked for in the future. 
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DOUBLE FILTRATION OF WATER. 


BY H. W. CLARK, CHEMIST, MASSACHUSETTS STATE BOARD OF 
HEALTH. 
[Read March 9, 1910.} 


It is a trite saying in regard to surface water supplies that the 
thing to do is to obtain the best supply of water possible and then 
filter it, and this is the advice given by many experts upon water 
supply and water purification and by students of typhoid epi- 
demics. The demand for filtered water or water purified in some 
way other than filtration has not only been the cause for much 
scientific research by men who make this subject their life study, 
but has also encouraged a large number of men engaged in other 
walks of life, either together or singly, to devise methods that 
they believe may improve water and which they know will im- 
prove their bank account if an unsuspecting public can be per- 
suaded to adopt these methods and their appliances. A number 
of such schemes come under my observation and investigation 
nearly every year, and here and there one or another of them has 
been adopted temporarily. There are to-day two widely known 
methods of water purification; one, plain sand filtration, and the 
other, mechanical filtration with the aid of coagulants and such 
other chemicals as modern experience and necessity suggest may 
with advantage be used to kill bacteria and thus aid the efficiency 
of the purification system. We hear a great deal at present about 
the use of hypochiorite of lime as an aid to mechanical filtration, 
and its use alone with certain reservoir waters, and the method 
of treating waters with ozone before filtration is again coming to 
the front, whether because of its merits or because of its per- 
sistent advocates, the future will show. There*are, also, so-called 
electrolytic methods of water purification in which the electric 
current is stated to act as a bactericide but which in the devicés 
I have examined, simply causes the taking of aluminum from 
aluminum or composition electrodes and the formation of alumi- 
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num hydrate, — really an expensive method of coagulation. The 
purification of water by plain sand filtration is an easy task when 
the waters treated are not too seriously polluted by suspended 
matter or organic matter and bacteria, and the question of double 
filtration only comes to the front when pollution is great or when, 
owing to the turbidity of the water, it may apparently be of ad- 
vantage from an economic point of view to subject it to a prelimi- 
nary filtration or other treatment at a high rate before passing it 
to the slow sand filtration beds. Double filtration has also been 
suggested for use where reservoir waters are subject to large 
growths of organisms causing their characteristic tastes and odors, 
and such filter plants have been partially constructed at South 
Norwalk, Conn., and Bar Harbor, Me. 

Studies on double filtration of Merrimac River water were 
begun at the Lawrence Experiment Station in 1894. In the fall 
of 1893, the Lawrence city filter had been put into operation and 
it was deemed important to determine just how far the purifi- 
cation so well begun in the city filter could be carried by passing 
the filtered water through additional sand filters. In the passing 
years the fact has been lost sight of that when the construction 
of the Lawrence filter was urged by the Massachusetis State 
Board of Health, it was stated by the board that double filtration 
of the river water might be necessary, and in May, 1894, filtered 
city water was applied to five experimental sand filters which 
had been previously operated with polluted water. Two of these 
filters contained less than one foot in depth of sand, one about 
two feet, and the other two about five feet in depth of sand. The 
material in the shallow filters was of about the same grade as that 
ordinarily used in slow sand filters, but that in the two deeper 
filters was somewhat coarser, more like the sand now used in 
mechanical filters or preliminary filters intended to be operated at 
high rates. The three shallow filters were operated at rates of 
from 2 000 000 to 3 000 000 gallons per acre daily, and the two 
deep filters were Operated comparatively at rates of 2500 000 
and 5000 000 gallons per acre daily, respectively. 

Notwithstanding the fact that this water had passed through the 
city filter, had been stored about six weeks in the distributing 


reservoir, and had passed through about two miles of street 


j 
| 
| 
| 
| 
: 
: 
} 
| 
| 
| 
| 
i 
i} 
j 
| 
if 
} 
it 
i 
| 
| 


CLARK. 587 


mains, during which processes a material reduction had been 
made in the small numbers of bacteria remaining after its initial 
filtration, still when the water was filtered a second time through a 
filter containing but ten inches in depth of sand, a very consider- 
able improvement in its bacterial quality was produced, for .as 
shown in an accompanying table, from 65 to 85 per cent. of the 
few bacteria in the water applied to these filters was removed. 
Tests made by adding cultures of special types of bacteria (B. 
prodigiosus) to the applied water showed, furthermore, that the 
elimination of such test types was even greater, or more than 
99.6 per cent. 

These early experiments proved that filtration processes could 
be effectively applied over and over, and that so long as anything 
remained in the water which could be removed, a further filtration 
would produce a certain improvement in the quality of the water, 
and gave rise to the belief that higher rates, or greater economy 
of operation, might be effected by double filtration methods. 


EXPERIMENTAL FILTERS RECEIVING FILTERED WATER. 


Depth Rate. 
Effective Size of Sand. Million Gallons Bacteria per Cem. Bacterial 


of Sand. (Inches.) per Acre Daily. in Effluent. Efficiency. 
20 10 2.0 52 45.3 
20 10 3.0 30 72.7 
20 24 3.0 15 86.4 
29 20 2.5 35 68.2 
35 58 2.5 18 81.6 
35 58 5.0 18 81.6 


Experiments on double filtration of water even more seriously 
polluted by sewage than Merrimac River water were made at 
Lawrence about fifteen years ago. In May, 1896, two filters were 
put into operation receiving such water, and: the average rate of 
operation of these filters throughout the year was slightly more 
than 1000 000 gallons per acre daily. They received water con- 
taining twice as much organic matter as was present in the Merri- 
mac River and twenty times as many bacteria. One of these 
filters was operated continuously and the other intermittently, 
and the average removal of bacteria was 75 and 92 per cent., 
respectively. The much greater efficiency of the intermittent 
filter was due to the great pollution of the water and the necessity, 
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if good results were to be obtained, of such additional air supply 
as intermittent filtration gives. During the last four months of 
their operation, the bacterial efficiency of the filters was 96.5 
and 98.5 per cent., respectively. Even then, however, the effluents 
of these filters contained nearly as many bacteria as were present 
in Merrimac River water, and refiltration through a secondary filter 
was begun in September, 1896. This secondary filter was at least 
three months in getting into good working operation, but at the end 
of the third month its efficiency was about 90 per cent. and it was 
producing a water having about 350 bacteria per ccm. when 
operating at a rate of about 4 000 000 gallons per acre daily. 
The operation of this filter made it clear that water after a 
primary filtration was so free from organic matter that a secondary 
filter gained its normal bacterial efficiency very slowly. 

This particular investigation was continued for five years and 
is summarized in the Lawrence Experiment Station report for 
1900, where it is shown that the two preliminary filters during 
their entire period of operation removed about 98 per cent. of the 
bacteria present in the polluted water applied, leaving effluents, 
however, containing several hundred bacteria per cem., and the 
secondary filter operating at a rate of about 2500000 gallons 
per acre daily removed 96.5 per cent. of the bacteria in the 
applied effluents and produced a water containing only 60 bacteria 
per cem. With the very polluted water dealt with, the rates of 
operation were necessarily low, and about three acres of filter sur- 
face would have been necessary to produce 1 500000 gallons of puri- 
fied water per day. From time to time after this, other investiga- 
tions of a similar nature were made that I will not summarize 
here. For the past three years, however, a series of filters has been 
operated at the station to test the efficiency of such filters when 
operating under varying rates and the efficiency of double filtration 
when treating a water similar to that flowing in the Merrimac River 
at Lawrence. The following table shows the results obtained when 
filtering Merrimac River water through practically duplicate filters 
operating at rates of from 3 000 000 to 16 000 000 gallons per acre 
daily. The results shown in the table are an average of nearly two 
years’ work and of many hundred bacterial analyses of each 
effluent. 
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B. Coli 
Rate. Bacteria in 1 Cem. 

Gallons per _per Cem. Bacterial (Per Cent. of 
Acre Daily. in Effluent. Efficiency. Positive Tests.) 
48 99.1 
85 98.4 
105 98.1 
110 98.0 
280 95.0 


bo bo bo 
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Operating at these rates the efficiencies varied from 99.1 to 95 
per cent., and the number of bacteria in the respective effluents 
from 48 to 290 percem. In regard to the result of the filter operat- 
ing at the highest rate and the probable effect of the use of such a 
water, it can be said that before the city of Lawrence filtered its 
water supply, the water when passing through the city reservoir, 
which holds about 40000000 gallons, lost about 94 per cent. 
of the bacteria present, and yet this water caused epidemics 
of typhoid fever. It will be noticed, also, that the hygienic 
efficiency, or B. coli removal of the filters, decreased very rapidly 
as the rate of the filters increased, much more rapidly than the 
bacterial efficiency. The water applied to these filters contained 
generally from 100 to 500 B. coli per cem., while in the effluents 
from the best filter, only 5 per cent. of the 1 cem. samples tested 
for B. coli showed the presence of this germ. The experience of 
many years at Lawrence has shown that an efficiency such as 
given by the best filter represented on the table is an absolute 
protection to a city using such water as that flowing in the Merri- 
mac River and filtered through sand. 

The question then arose: Can an equally good result be obtained 
by double filtration with these two filters operating at such rates 
that a greater volume of purified water per acre of filter surface 
can be secured? 

During the past three years five double filtration systems have 
been in operation at the station to answer this question, and the 
résults of three of them are given here. All of these filters were 
ordinary sand filters containing about 40 inches in depth of sand. 
In the first system the rates of operation were 10000000 and 
20 000 000 gallons per acre daily, respectively, the rate of the 
primary filter being smaller than that of the secondary filter; in the 
second system the rates were 23 000 000.and 7 500 000 gallons per 
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acre daily, respectively, the rate of the primary filter being greater 
than that of the secondary filter; and in the third system, both fil- 
ters were operated at equal rates, namely, 6 000 000 gallons per acre 
daily. The net rate of each system was 6 600 000, 6 000 000 and 
3 000 000 gallons, respectively; that is, the volume of water filtered 
per acre of filter surface used. Itseemed during the first few months 
of this work that greater efficiencies could be obtained by. double 
filtration than by single and with the production of a greater 
volume of purified water per acre of filter. Taken as a whole, 
however, the results were as follows: Neither the first nor the 
second system gave results quite equal to the single filters shown 
on the previous table operating at a rate of 5000000. gallons 
per acre daily; neither did either system give results in 
coli efficiency. equal to the single filter operating at the rate of 
7500000 gallons per acre daily. With the system, however, 
operating at a net rate of 3000000 gallons per acre daily, the - 
results were practically the same as with the single filter operating 
at a rate of 3 000 000 gallons per acre daily. It is difficult to state 
just why this double filtration through much greater depths of 
sand than in use with the single filter does not always give better 
results than single filtration. One important reason seems to be, 
however, that the rate of the primary filter has generally been too 
great for good bacterial efficiency to occur; yet by this primary 
filtration the organic matter necessary to cause the secondary filter 
to be an efficient water purification plant has been removed. 
While we have some results differing from those presented here, 
still it does not seem reasonable to assume from all the results of 
Lawrence work that water of the character of that flowing in the 
Merrimac River can be purified mdre advantageously or more 
economically, as far as net product of filtered water is concerned, 
by double filtration systems than by a single filter operating at a 
reasonable average rate. 

There is, of course, another reason that has been prominently 
mentioned for the operation of primary filters, arid that is to 
lessen the area upon which the matter in suspension in the raw 
water is collected. This is a very prominent feature in the be- 
ginning of operation of such systems, especially when the primary 
filters are operated at rates approximating 100000000 gallons 
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per acre daily. It always seems at first that much can be gained 
in this way; yet as these systems of double filtration are kept in 
operation at Lawrence, although the water passing to the secondary 
filter may remain free from matters in suspension, this secondary 
filter becomes an efficient biological machine, the sand grains 


throughout its depth become coated with the gelatinous matter 


necessary for this efficiency, and eventually these secondary filters 
at Lawrence require scraping almost as frequently and as deeply 
as if they were receiving raw water without primary filtration. 

This, then, must be the conclusion from our Lawrence work: 
There is little to gain either in economy in sand removal or sand 
washing, or in bacterial efficiency, in double over single filtration 
of polluted water such as flows in the Merrimac River, that is, 
with. an equal or nearly equal production of filtered water per acre 
of filter surface. We realize, of course, that each water presents 
a separate problem, and Lawrence results are not universally 
applicable. 
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SOME WATER-WORKS STATISTICS AND: TYPICAL 
DATA SHOWING RATE OF ACQUISITION OF IN- 
COME FOR DOMESTIC SERVICE BY DIFFERENT 
CLASSES OF RESIDENTIAL PROPERTY. 


BY FRANK C. JORDAN, SECRETARY OF THE INDIANAPOLIS WATER 
COMPANY. 
[Read September 22,1910.) 


A month or two ago, Mr. Leonard Metcalf requested the writer 
to prepare a paper for your Association on the topic “‘ Statistics 
of the Growth of Income.” What he had in mind, I believe, was 
not the general growth of income of water-works plants, but more 
particularly the growth of income from domestic service upon 
individual lines, such lines to be fairly representative of the dif- 
ferent sections of a city. 

From the standpoint of investment, there are always, in connec- 
tion with water-works service, districts which do not contribute 
their share of income, and these districts must be taken into account 
in making up a general average or in determining proper rates for 
domestic service. . Before giving the results of the studies and 
investigations, I wish to state that I have called upon and addressed 
several of the water departments and water companies throughout 
the Central West but have been unable to obtain any information 
of value from them along this line, the general statement being 
that the growth of income on individual lines in the residential 
districts is usually slow. For this reason we shall be unable to 
make comparisons which would make this paper more valuable. 

The writer has selected pipe-lines in different districts in the 
city of Indianapolis, Ind., the income from which is assumed to be 
about the average, or typical of the assumed classification. In 
making this study, the city naturally divides itself into about the 
following districts: 

1. The cheap district in the outlying portion of the city. 

2. The district between middle and cheap class in the outlying 
portion of the city. 
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3. The district between middle and cheap residential in the 
heart of the city. 

4. The cheap residential district in the heart of the city. 

5. The high-class residential’ district annexed to the city after 
the district has been very well built up. 

6. The best residential district in the outlying portion. 

7. The best residential district in the heart of the city. 

As before stated, this paper will deal with one city only, viz., 
the city of Indianapolis and the Indianapolis Water Company, 
with which the writer is connected. This company has in its 
distribution system 325 miles of pipe, the average diameter 
of which is in excess of 10 inches; 25 000 taps in service supplying 
between 29000 and 30000 dwellings, business blocks, factories, 
etc. In this connection we wish also to state that the rates charged 
for water, which have a direct influence upon income, are somewhat 
less in Indianapolis than those of the average city of its size 
supplying water under like conditions. We have on our lines, in 
round numbers, 55000 buildings of various kinds, of which 55 
per cent. are supplied with water by our company. From what we 
are able to learn from other cities similarly situated, we find that 
this percentage is lower than in the average city of our class. 

On the first district mentioned above, viz., the cheap district 
in the outlying portion of the city, we found that the revenue 
per mile of pipe at the end of the first year was $140; at the end 
of the second year, $200, and that there was very little change in 
this revenue during the fifteen years following the laying of these 
lines. 

On the lines in the second district, viz., that district between the 
middle and cheap class in the outlying portion of the city, we 
found that the revenue was $170 at the end of the first year; at 
the end of the second year, $260; at the end of the third year, 
$300; at the end of the tenth year, $340, and that this increase 
of rate was maintained during the years following the laying of 
these lines. 

On the lines in the third district mentioned, that district between 
the middle and cheap residential in the heart of the city, it was 
found that the revenue per mile of pipe at the end of the first year 
was $250; at the end of the second year, $380; at the end of the 


: 
J 
i 
K 
§ 


594 WATER-WORKS STATISTICS. 


fifth year, $610; at the end of the tenth year, $750, and at the 
end of the fifteenth, $850. 

The growth in income in the fourth district, or the cheap resi- 
dential district in the heart of the city, was found to be fairly 
satisfactory. The revenue per mile of pipe in this district was 
$310 at the end of the first year; $560 at the end of the second year; 
$740 at the end of the third year; $1020 at the end of the fifth 
year, after which the growth was not so marked. 

On the lines in the high-class residential district annexed to the 
city after having been fairly well built up, we found a satisfactory 
growth, the revenue being $360 at the end of the first year; $560 
at the end of the second year; $860 at the end of the fifth year; 
and this rate of increase was maintained during the years following 
the laying of these lines, 

These investigations indicate that the best residential district 
in the outlying portion of the city contributes more that the aver- 
age share of the expense of supplying water. The revenue on the 
lines in this district was $400 at the end of the first year; $670 
at the end of the second year; $1 260 at the end of the fifth year; 
$2 200 at the end of the tenth year. These lines show a steady 
increase from year to year. j 

The average revenue on lines in the best residential district in 
the heart of the city at the end of the first year was $800; at the 
end of the third year, $1570; at the end of the fifth year, $1 930, 
after which the growth was exceedingly slow for the next ten years, 
during which time the property was changing from a residential 
district to a district of flats and apartment houses, with some of 
the better class of boarding houses. Following this transitory 
period, the revenue began to increase, reaching $3 060 per mile 
at the end of twenty years. . 

It will be noted from Fig. 1 that the growth of income on all 
lines in outlying districts is slow for the first few years, but the 
growth is fairly constant throughout the periods as shown; also 
that the growth of income in the central or thickly populated part 
of the city is rapid in the beginning, but after the first four or 
five years there is but a slight increase of income. The reason for 
this will be apparent to the water-works superintendent or engineer 
from the fact that in the outlying district the houses are more or 
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less scattered in the beginning and the income increases according 
to the increased building along the service line. It will be seen 
further that the income of but few districts is equivalent to the 
fixed charges on the lines laid, for the first two or three years; 
also that the poorer districts do not pay the fixed charges on the 
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lines even after the lines have been laid for ten or fifteen years. 
This point is frequently overlooked in connection with proposed 
extensions, as, on account of fire protection, it is necessary, to a 
certain extent, that all parts of the city shall be served. 

The variation in the number of consumers on these lines in the 
districts is an interesting study. In the best residential district, 
we are supplying 87 per cent. of the properties adjacent to our lines, 
while in some of the poorer districts we are supplying only from 
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8 per cent. to 12 per cent. A map showing the percentage of proper- 
ties supplied in different districts has been of considerable value 
to us, particularly regarding the advisability of laying certain 
proposed extensions. 

In Mr. Metcalf’s letter to the writer, it was suggested that in 
connection with the notes on the growth of income, it would prob- 
ably be of interest to mgke some mention of our tabulation of 
water rates. In 1908 the company published a tabulation of water. 
rates in the various cities in the United States. We recently 
received at our office the latest schedules from the various water 
companies and departments throughout the United States. The 
changes in rates and the changes in the attitude of water-works 
managers regarding some of the important issues were interesting. 
Practically all of the cities which have recently installed filtration 
plants have found it necessary to increase their rates to take care 
of the increased expenditures due to interest on capital investment 
and to added cost of operation. This is especially true in regard 
to Columbus, Ohio; Pittsburg and McKeesport, Pa.; Louisville, 
Ky., etc. Inthe annual reports of almost all of the companies some 
mention is made of the desirability of having a reasonable charge 
for standing ready to serve, and it seems to be the concensus of 
opinion that all of the cities will finally agree to the fairness of 
such a charge which will assure the water companies a sufficient 
revenue to pay the fixed charges on the lines. In going through 
_ the schedules we found very few changes in flat rates, it being 
generally conceded that a rate of $18.00 per year, under ordinary 
circumstances, is reasonable for water service for a house of six 
or seven rooms with all the modern conveniences in the way of bath, 
toilet, laundry trays, sprinkling connection, etc. A number of 
the cities have made slight changes in their meter rates, and a 
revision of the tabulation shows that the average maximum rate 
per one thousand gallons for water by meter measurement is 
22.8 cents and the minimum rate is 9 cents. The Manufac- 
turers’ Association of St. Louis recently tabulated some information 
from 23 cities and found that the average minimum rate was 7 
cents per one thousand gallons. Their tabulation, however, took 
into account only the larger cities such as Detroit, Cleveland, 
Buffalo, New York, etc. In making a study of the schedules of 
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rates in connection with the reports of the various departments 
which give an idea of the problems confronting water departments 
in these various cities, it becomes apparent that it is obviously 
unfair to strike an average water rate for all cities and then limit 
a certain city to that rate. A comparison of rates will be found to 
be of considerable interest, but the fact must be borne in mind 
that each city has its individual conditions which must be given 
due weight, and a rate which is fair in one city may, on account 
of different conditions, be absolutely unfair in a neighboring city. 

In yeading the various messages from the mayors of the cities 
to their respective water departments, it will be noted that the 
municipalities are reaching the conclusion that the first and fore- 
most essential] is the furnishing of a first-class supply of good water 
suitable both for commercial and domestic purposes, to be followed 
by water rates sufficient to operate and maintain the plant as a 
whole, as well as to take care of depreciation, and give a fair return 
on. the investment. 

As before stated, the appended tabulation was prepared for 
purposes of direct comparison. 
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NuMBER OF Feet oF Pipe To Eacu Fire Hyprant 1n Various Cities oF 


THE UNITED STATES. 


(Compiled in 1908.) 
Population Number 
ccordi i Number of Fi 

Ciry, Gov't of Fire Pi to 
mate of 1906. Hy ire 

Hydrants. 
Denver, Colo.......... 151 920 500 3-200 * 790 
Wilmington, Del. ...... 85 140 119 882 710 
Atlante, Ga. esse 104 984 180 1 668 570 
Augusta, Ga........... 43 125 60 750 420 
Savannah, Ga.......... 68 596 67 663 540 
26 823 499 620 
Chicago, ll............ 2 049 185 2 073 21 183 516 
66 365 100 1 200 440 
Terre Haute, Ind....... 52 805 70 928 398 
Burlington, fa......... 25 741 32 335 505 
Davenport, Ia. ........ 40 706 75 668 590 
Des Moines, Ia........ 78 323 130 1 400 490 
Kansas 77 912 58 464 660 
Paducah, Ky.......... 30 329 36 424 448 
Orange, N.J........... 26 493 400 528 
Paterson, 112 801 125 1 337 493 
Auburn, N. Y.......... 32 963 70 600 616 
Binghamton, N. Y..... 43 785 800 566 
Buffalo, 381 819 516 4891 557 
Gloversville, N. Y...... 18 624 33 289 603 
Rochester, N. Y........ 185 703 325 3 500 490 
Schenectady, N. Y..... 61 919 176 2 769 299 
Yonkers; N. Y.......5.. 64 110 103 1111 490 
Cleveland, Ohio ....... 460 327 676 7 966 448 
Columbus, Ohio ....... 145 414 210 1740 630 
Dayton, Ohio......... 100 799 152 1 527 525 
Hamilton, Ohio........ 27 670 43 425 534 
Toledo, Ohio.......... 159 980 215 1 650 688 
Allegheny, Pa.......... 145 240 200 1789 590 
Philadelphia, Pa. ......| 1441735 1500 14 311 552 
Prtteburd, 375 082 402 3 753 565 
Reading, 91 141 109 633 
Boston, Mass.......... 602 278 743 7 772 505 
Fall River, Mass....... 105 942 101 1 153 462 
Cambridge, Mass....... 98 544 128 1 046 646 
Holyoke, Mass......... 50 778 82 659 657 
Lowell, Mass...... Sipe 95 173 140 1271 581 
Lynn, Mass........... 78 743 138 825 883 
ew Bedford, Mass. ... 76 746 106 1105 . 508 
Somerville, Mass....... 70 798 91 1018 472 
Springfield, Mass....... 75 836 156 1174 701 


| 
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NoumsBer or Fret or Pree to Fire Hyprant.— Continued. 


Number 

Mileage of Number of Feet of 

Gov't Esti- Mains. Pi 

mate of 1906. 
Taunton, Mass......... 30 953 82 877 494 
Detroit, Mich. ......... 353 535 709 4 752 790 
Grand Rapids, Mich. . 99 794 165 1 547 563 
Jackson, Mich......... 25 360 72 600 633 
Sinneinola. Minn.. 273 825 342 3 893 464 
St. Paul, Minn......... 203 815 285 2 658 566 
Kansas City, 182 376 342 4024 448 
St. Joseph, Mo......... 118 004 115 895 678 
St: Lows: Mow. 649 320 813° 9 298 462 
Lincoln, Neb.......... 48 232 67 568 623 
Omaha, Neb........... 124 167 235 1991 667 
Atlantic City, N. J. .... 39 544 65 670 501 
Jersey City, N. J....... 237 952 224 2 331 508 
Woonsocket, R.I...... 32 994 53 624 441 
Charleston, $8. C....... 56 317 59 605 510 
Nashville, Tenn........ 84 703 110 931 624 
Dalles: 52 793 100 800 660 
Galveston, Tex......... 34 355 31 460 356 
Ft. Worth, Tex........ 27 096 85 876 510 
174 355 231 2 257 555 
Indianapolis........... 219 154 293 2 294 674 


DISCUSSION. 


Mr. Leonarp Mertcatr.* I want to say one word with regard 
to the third table. It was prepared at the time that negotiations 
were pending with the city for the making of a new hydrant rental 
contract. The statistics were obtained by correspondence, tabula- 
tions were made, and the data were subsequently submitted, by 
Mr. Jordan, if I remember rightly, to the men who had furnished 
the data. All of that correspondence was thrown open to the city 
officials and any interested parties, as well as to the officials of the 
water company. I glanced over more or less of it myself, and I 
have every confidence in its accuracy. I know that the results 
were accepted by the city as being thoroughly reine and easily 
subject to verification. 


* Of Metcalf & Eddy, Consulting Engineers, Boston, Mass. 
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Mr. W. C. Hawtey.* This paper shows that for a consider- 
able period of time in most of the cases the company was doing a 
losing business on the extensions of its distributing system, and 
it would be interesting to know on what basis these extensions 
were made. From the figures given it appears in some cases that 
for several years the revenue per mile was not sufficient to pay 
interest, depreciation, maintenance, and taxes on the cost of the 
extension alone, to say nothing of bringing in a revenue to cover 
the furnishing of water and the other operating and general ex- 
penses of the plant. The query is, How can a company reason- 
ably be expected to do business on such a basis? In the case of 
a municipal plant, with the taxing power of the municipality 
behind it, extensions are generally made with very little attention 
to the revenue to be derived therefrom. In the case of a private 
corporation, it is very different. Such losses must either go to 
increase the ultimate going value of the concern, or else the rate 
or rates for water must be enough higher upon all the consumers 
who are supplied by the company to cover the losses on these . 
extensions. 

It might be interesting if we could get the views of various 
members and statements from various municipal as well as pri- 
vately owned water works as to the requirements of each for 
making extensions to reach new consumers.t In the case of our 
company, we expect a return of at least 15 per cent. per year 
on the cost of making an extension. We figure that 15 per 
cent. barely covers interest, depreciation, maintenance, taxes, 
and the cost of furnishing the water, without leaving any profit. 
In cases where there are no consumers ready to take water, as, for 
instance, when some real estate project is being boomed, we ask 
the parties interested to advance the entire cost of making the 
extension. The company then lays the pipe and returns to those 
who have advanced the money the amount of which our minimum 
rate is 15 per cent. per year for each bona fide consumer who takes 
a supply of water. For the purpose of comparison of this method 
with the revenues stated in Mr. Jordan’s paper, assume that an 


* Chief Engineer, Pennsylvania Water Company, Williamsburg, Pa. 

+ At the November, 1909, meeting, a committee was appointed-to report on the conditions 
under which extensions of water mains are made by town-owned water supplies. JouRNAL 
N. E. W. W. Association, Vol. XXIII, p. 450. — Ep. 
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extension of a mile of pipe costs $5000. Fifteen per cent. of this 
amount would be $750, and if the municipality is generous and 
orders the setting of five fire hydrants on this mile of pipe at, say, 
$40 per year each, or a total of $200 for fire protection, the domestic 
revenue thus required is $550. This, if we assume a minimum 
rate of $10 per year per tap, would require 55 taps, and on any- 
thing less than this, the company is doing a losing business. 

Mr. Leonarp Mertcatr. I want to echo what Mr. Hawley 
has said. It seems to me that he has touched upon a point which 
is entitled to very serious consideration in the operation of water 
works. It is undoubtedly a fact that many extensions laid by 
water companies or municipalities do not earn an adequate return 
for several years, that is, for many years after construction. That, 
of course, does lead to an increased going value of the plant, and 
it seems to me that that fact very effectually meets what I believe to 
be an error in the position of the Wisconsin Public Service Com- 
mission, on the interpretation of going value. It seems to me that 
under normal circumstances the going value of any plant must 
increase from year to year, and that the correct measure of going 
value is not the cost of advertising and the cost of acquisition of 
any business, in the sense which has been used by the Wisconsin 
commission. 

Mr. Hawley’s statement immediately brings one face to face 
with this question: What shall the policy of the city be with re- 
gard to its charge for franchise and the limitation of the conditions 
under which the public service corporation shall operate? Shall 
the city make the public service corporation a source of income, or 
provide such conditions that the public service corporation can 
render the largest measure of service at the smallest cost, and then 
by a suitable system of inspection see to it that the city shall get 
what it should from the company? Of course, if you make the 
conditions under which the company operates as easy as possible, 
the company can borrow money at a low rate of interest and, 
having correspondingly smaller charges to meet than if it were 
paying a heavy franchise tax, for instance, the service can be 
more readily extended to outlying districts of the city. That 
should be of advantage to the city. Under the other policy, the 
heavier the charges which the company has to meet, the greater 
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the burden, the less likely will it be to meet the growing needs of 


the city in the outlying districts. Of course I recognize the fact — 


that in many cases companies may not have been as liberal as they 
should have been, and the city has felt that the only way in which 
it could retaliate was by increasing the burden on the company, 
or, rather, by getting an income from the company through a 
franchise tax or some similar means. I believe, however, that 
that is, after all, only a system of taxation, and while it may be a 
good one, as.it can be more readily levied, more equitably levied, 
than some other systems of taxation, fundamentally it does not 
seem to me right. It seems to me that the best interests of the 
city are subserved when the conditions of operation are made as 
easy as possible, and when the service can be extended as rapidly 
as possible by the company. 

Mr. Witu1AM F. Sutiivan.* There is one source of income that 
is of interest to many water-works managers of both municipal 
and privately owned plants,.and that is the hydrant rental. Some 
municipally owned water works do not make any charges for 

hydrants, others only a nominal amount covering installation 
and other expenses. In private companies, whenever there is a 
renewal of a hydrant contract, it is generally brought before the 
public and they, without fully understanding the subject, ques- 
tion the price which to many water-works people seems a fair 
and just one. I had hoped that Mr. Jordan would be here in 
person, and give us some sidelights on the hydrant income question. 

I would like to hear from some of the members present with 
reference to hydrant charges, whether they consider it fair and 
equitable for cities to pay nothing for hydrants, thus compelling 
the water takers to assume the expense of hydrant protection, 
or whether the municipality should not pay a fair sum for hydrants. 

Mr. Tighe stated that the hydrant rental in Holyoke was eight 
dollars each per annum, and that such charge covered the total 
cost. 

Mr. James L. Ticue.{ In the city of Holyoke the municipal 
water works not only maintains itself, but also pays a tax to the 
city, as if it were a private corporation. It does all this on an 


* Superintendent Pennichuck Water Works, Nashua, N. H. 
t Engineer Water Works, Holyoke, Mass. 
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income which is somewhat less than eight per cent. of the physical 
value or actual cost of the construction of the works. 

In return for the payment of this tax, the water department 
collects from the municipality payment for all the water which 
the municipality uses at the same prices as are charged private 
consumers. 

Many people argue that this tax that is placed upon the water 
department or water taker is an unjust one, but, so far as I can 
see, it is an eminently just and equitable one, because the water 
department has certain privileges from the municipality which it 
should be willing to pay something for. It has, for instance, a 
valuable franchise that permits it to tear up and lay pipes through 
the streets. It has also police protection for nothing, and, last 
but not least, it has the credit of the city behind it which enables 
it not only to borrow money, but to borrow it at a low rate of 
interest. 

Now, are these privileges not worth something, and is it not 
just or equitable that the water taker should pay something for 
them? 

Mr. Metcalf mentioned that $18.00 is a fair amount to charge 
for water per year per family. In Holyoke we charge for water 
the net sum of $6.66 per year per family. This does not include 
the lawn hose, which is $2.14 extra per year. It includes, however, 
all the modern fixtures and conveniences installed. 

Holyoke is a very sanitary city, and, in order to encourage 
sanitation as much as possible, nothing is charged to families for 
duplicate fixtures such as bath-tubs, closets, faucets, or wash 
basins, no matter how many are installed. 

Our water rates were cut down over thirteen thousand dollars 
last year, which makes the rates now in Holyoke about the lowest 
in any city in the country; that is, the lowest for a plant that 
maintains itself, or more especially for a plant that maintains 
itself and contributes between one fifth and one sixth of its income 
in taxes to the general taxation fund of the municipality. 

In relation to metered water used for mechanical and manu- 
facturing purposes, there is charged for this the net flat rate of 
5.1 cents per 1 000 gallons, together with an annual charge for the 
meter of from 10 to 12 per cent. of its cost price. I do not think 
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that this price for metered water can be beaten very much any- 
where. 

There is also a metered rate for what is called tenement or 
apartment blocks containing four or more tenements. This 
metered rate was made especially for this class of property in 
order to discourage waste, and does not apply to residences be- 
cause those living in the latter do not favor meters or want to be 
bothered with them, or with the meter men coming around once 
a month to read them, even though such would cut down the bills, 
and why should they so long as the schedule rates give them all 
the water they need, and especially all they can waste, for the 
small sum of $6.66 per year. 

The minimum net rate for the tenement or apartment block 
is fixed at $4.50 per year per tenement. This amount has to be 
paid, together with the 10 or 12 per cent. interest on the first cost. 
of the meter, no matter now little the quantity of water used. 
For this amount of $4.50, each family is allowed 88 000 gallons 
per year, which is almost 50 gallons per capita per day, assuming 
a family of five to each tenement. Should a larger quantity than 
88000 gallons per year—or 22000 gallons per quarter — be 
used, it is charged for.at the usual flat rate of 5.1 cents per 1 000 
gallons. 

This meter rate per tenement for the average tenement or apart- 
ment block, namely, an eight-tenement block, gives a minimum 
cost of $4.75, or a cost 29 per cent.'less than the schedule rate per 
tenement. 

In Holyoke, pipe lines are laid and extended in streets to accom- 
modate all buildings, even if there be but one house on a street. 

I was thinking, when Mr. Metcalf and Mr. Hawley were speak- 
ing in relation to pipe extensions in the outlying districts of a 
community, from which little returns could be expected for years, 
of asking the question as to what about the returns that are re- 
ceived from the thickly populated centers of the community. 
Should not these offset those from the outlying districts, or both 
go together? 

The charge for hydrant service in Holyoke is $8.00 per hydrant, 
which includes all the water used for fire purposes. This charge 
is based only on the actual cost of setting and maintaining the 
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hydrant, and on the ‘sai on the first cost of the hydrant 
itself. 

The cost to the water taker of the larger pipe required for fire 
service beyond that required for domestic services only is con- 
sidered offset by the valuable privileges which the water taker 
enjoys under the protection of the city. This is Municipal 
Ownership. 

Mr. Artuur A. Reimer. I would like to ask if the water 
department has to meet the sinking fund requirements for its 
bonded indebtedness. 

Mr. TicHe. Yes; the water department meets and has always 
met these requirements, and the taxpayer never had to pay a cent 
as yet for or towards the water department. I would say, however, 
that in 1876 or 1877, or shortly after the water works became a 
municipal department, a sum of ten thousand dollars of the tax- 
payers’ money was voted or appropriated by the city council to 
the water department, to pay for doing some work. 

In 1900 this generosity of the city fathers was resurrected, and 
the result was that the water department had to pay back this 
ten thousand dollars together with interest at four per cent. 
What came near to being the best of the joke, on the water de- 
partment, however, was the argument made that compound in- 
terest should be paid, and it was only the law of Massachusetts, 
which does not allow compound interest to be collected on debts, 
that prevented it. 

Mr. Leonarp Metcatr. I would like to ask Mr. Tighe one 
thing, — whether it is not true that a considerable portion of the 
water debt has been paid off, so that the interest charges to-day 
are not predicated upon the value of the works to-day, but upon 
the outstanding bonds, — that is, the unpaid debt. 

Mr. Ticue. I will answer the question by stating that the 
bonded debt is now greater than it ever was before. When the 
original bonds were paid off, new ones had been issued which in- 
creased the debt fifty thousand dollars. 

Mr. Mercatr. I raised that point, Mr. President, for the 
reason that it would make a great difference whether a portion of 
the bonded debt had been paid off or not. Take it in my own little 
town of Concord, Mass.; the construction cost of the works now 
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amounts, without the improvements which were made last year 
or the year before, to something like two hundred and fifty thou- 
sand dollars. It is now somewhat greater. But I think the 
remaining debt was only something like ten or fifteen thousand 
dollars, so that there were no fixed charges to be met, to speak of. 
Of course the rates under those circumstances could be cut very 
substantially, it being apparent that the consumer had been taxed 
in the past years a sufficient amount to give a sinking fund which 
would retire the bonds in a comparatively short time. Now ad- 
ditional construction has been undertaken which has increased the 
debt, I think, something like twenty-five thousand dollars, which 
the consumer will have to bear; and in our town the sewerage 
works are maintained from the income of the water works, so 
that you could not compare the rates existing in Concord with 
those of any other town unless you made correction for a similar 
set of conditions. 

Mr. Sutiivan. In order to get the matter clearly in my mind, 
I would like to ask Mr. Tighe what the total cost of his works was, 
and also what the amount of bonds now outstanding is, and 
whether they are paying interest just on the present amount of 
bonds or on the total cost of the works. 

Mr. TicHEe. We are paying interest on the bonds now out- 
standing. We are not, of course, paying interest on the bonds that 
have been paid off. 

Mr. Suniivan. What was the cost of the works, and what is 
the amount of bonds at the present time? 

Mr. TieHe. I think the construction account is about a mil- 
lion and a half, and the first issue of bonds was $300 000 and the 
present issue is $350000. We are now going to make another 
issue of $150 000 in order to raise money to pay for the construc- 
tion of a new reservoir. 

Mr. Mercatr. So you are paying on a total bond issue of © 
how much? 

Mr. Ticure. We are paying on a total bond issue of $350 000 
at the present time. . 

Mr. Metcatr. That is the very question which I raised. 
You are paying, then, not upon the value of the works, but merely 
upon the remaining outstanding debt? 
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Mr. TicHe. Yes, upon the outstanding debt. 

Mr. Mercatr. But upon a debt which has been cut down by 
excessive rates? 

Mr. Ticue. No, but upon a debt that has been increased 
fifty thousand dollars. Our rates had never been excessive and 
were never within 70 per cent. of being as high as the rate of 
$18.00 mentioned above. 

Mr. Suturvan. Do I understand the final answer to be that 
you are now paying on $300 000 of bonds and have a $1 500 000 
investment from which there is no interest being received? 

Mr. Ticgue. Yes. I might say that this interest is paid in 
dividends to the water takers in the form of cheaper water rates 
from time to time. Every decade or so, a reduction in the water 
rates has been made, which means a dividend to the water takers. 
For instance, last year the water takers got a dividend of $13 000, 
or they had to pay $13 000 less for water, which is the same thing. 

The tax that the water department pays is based on the con- 
struction account. This tax amounted to over $22 000 last year, 
and was based on a value of a little over $1 500 000. It was not 
based upon the value of the outstanding bonds, but upon the total 
construction account of the works the same as if the works 
belonged to a private corporation. 

THe Presment. I understood you to say, Mr. Tighe, that 
you earned seven or eight per cent. on your construction account; 
is that on the total cost of the works to date, or on your bonded debt? 

Mr. TicHe. On the total cost of construction to date. I 
think there is a little over one hundred thousand dollars of income, 
and the cost of the works is about a million and a half; that is, 
the construction account amounts to that. : 

Mr. Mercatr. I wonder if Mr. Tighe would be good enough 
to throw a little more light on the matter of the hydrant rental. 
I am surprised at his statement that they estimate that the cost 
of the hydrant service is so low as $8.00 per hydrant. I know we 
looked into this question in connection with the Finance Com- 
mission investigation in Boston, and we found that it exceeded 
that amount very largely, and in the cases of private works which 
I have examined, the cost has always exceeded that amount very 
largely. I am surprised that the total cost of the hydrant service 
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should not be more than $8.00, which I understand him to state 
in his estimate. 

Mr. Ticue. I had advocated that it should be $10.00, but it 
was made $8.00. This means the interest on actual cost of the 
hydrant only, the setting of it, and its maintenance. 

Mr. Mercatr. Regardless of the additional cost of the pipe 
system? 

Mr. Ticue. Certainly, regardless of the additional cost of 
the pipe system. In the discussion of the matter at the time be- 
tween the representatives of the water department and the city 
proper, it was agreed that for the valuable privileges which the 
water taker enjoyed under the city, — that is, in being allowed 
to lay pipes through the streets and so on, police protection, and 
the credit of the city at his back, — the water taker ought, at 
least, to pay in return for the extra size of the pipe required for 
fire protection. 

Mr. THeopore H. McKenzie. May I ask Mr. Tighe what he 
has done in Holyoke with reference to a sinking fund to provide 
for the renewal of the works. Ordinarily the depreciation on 
water works amounts to from three to five per cent. per annum, 
and I was wondering what they did about providing for recon- 
struction. 

Mr. TicHEe. We, of course, provide a sinking fund for the pay- 
ment of bonds. Beyond this we do not make any provision be- 
cause the creation and building up of a fund by one branch of a 
municipality in anticipation of future expenditures is a dangerous 
procedure unless such is protected by law. 

It has been found, I think, where such has been attempted, that 
after a while, when the fund became any sizable amount, it was 
raided or wholly confiscated by the legislative body of the munici- 
pality and used for the more pressing needs of meeting the deficits 
in some of the other departments of the municipality. 

In regard to renewals, I may say that these, together with ex- 
tensions, are paid for out of the earnings of the department. For 
instance, this present year, and in the past two years, several 
thousand feet of 4-in. pipe, which was laid in the early days, have 
been replaced by new cast-iron pipe from 8 in. to 16 in. in diameter. 
So you see that the plant, instead of being allowed to depreciate, 
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is, on the contrary, being brought to a higher state of efficiency 
every year. 

Mr. Witu1am Murpocu.* I might say in a general way that 
we have no hydrant rental at all in the St. John water works, but 
a hydrant tax; that is, we assess the whole community according 
to the individual wealth. We take that method of letting the 
people know that they own the water works. 

We have one schedule rate for supply and another schedule of 
taxation of values amounting to from one fourth to one fifth of one 
per cent. of the assessors’ valuation, so that the assessment which 
we collect every year covers hydrant rentals and some other 
public services. As the city can’t tax itself on values, we charge 
only the regular consumption rate on the city properties, such as 
ferries and public buildings, including the fire department buildings. 

The cost of our works and plant, up to the present time, has been 
$2 071 070.79. The expenditure during last year was $156 053.42 
and the income $181 868.67. Of the outgo, $22 394.00 went into 
sinking fund to retire debentures and $89 326.07 was paid in 
interest upon debentures, which varies from 3} to 6 per cent. 

The water department is a separate department from the assess- 
ment department and is what remains of what was originally a 
water company. It is a department of the city service, and it 
maintains its identity and assesses the citizens for the service. 
It is a self-sustaining department, and any money that remains 

over at the end of the year is placed in the sinking fund to redeem 
the bonds. I think our bond issues are very much like those the | 
previous speaker has spoken of. When the time comes for them to 
be paid, we sometimes issue a new set and keep things alive in that 
way. 

We have about 55 miles of distribution mains, varying in diam- 
eter from 1} in. to 36 in., 420 fire hydrants, and 35 miles of service 
pipes supplying about 47 000 inhabitants. 

The supply comes from two distinct sources, about 16 miles 
apart. This is in consequence of the city being in two parts, one 
on each side of the River Saint John, the depth of which is fully 
one hundred feet. A 12- and a 24-in. pipe supply the West Side, 
where the population is about 8 000, and the East Side is served 
through one 12- and two 24-in. mains. 


* City Engineer, St. John, N. B. 
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Tue Twenty-NINTH ANNUAL CONVENTION. 


RocuesTer, N. Y., September 21, 22, 23, 1910. 


The Twenty-Ninth Annual Convention of the New England 
Water Works Association was held at Rochester, N. Y., September 
21, 22, and 23, 1910. ; 

The headquarters of the Association were at Hotel Seneca, 
where the several sessions of the convention were held and the 
exhibits of the Association made. 

On Tuesday evening a reception was tendered to members and 
guests at the Hotel Seneca by the local committee. 

The following members and guests were present: 


Honorary MEMBER. 
F. W. Shepperd. 


MEMBERS. 


J. W. Ackerman, S. A. Agnew, M. N. Baker, C. H. Baldwin, L. M. Ban- 
croft, F. A. Barbour, G. W. Batchelder, F.. D. Berry, C. R. Bettes, H. R. 
Cooper, G. K. Crandall, C. E. Davis, M. J. Doyle, E. R. Dyer, E. D. Eldridge, 
B. R. Felton, E. A. Fisher, J. W. Graham, F. E. Hall, L. P. Hapgood, L. M. 
Hastings, W. C. Hawley, Allen Hazen, George Holtzmann, W. R. Hill, W. C. 
Hopper, W. E. Johnson, J. W. Kay, Willard Kent, G. A. King, J. J. Kirk- 
patrick, Morris Knowles, Emil Kuichling, B. C. Little, F. H. Luce, Danie] 
McDonald, D. B. McCarthy, T. H. McKenzie, A. E. Martin, John Mayo, 
Leonard Metcalf, William Murdoch, F. L. Northrop, H. D. Pease, E. M. 
Peck, T. A. Pierce, A. E. Pickup, R. W. Pratt, J. F. Reagan, Jr., A. A. Reimer, 
Henry Roberts, G. A. Sanborn, P. R. Sanders, W. J. Sando, A. L. Sawyer, 
E. M. Shedd; J. E. Sheldon, G. H. Snell, J. F. Sprenkel, G. A. Stacy, G. T. 
Staples, W. F. Sullivan, D. G. Thomas, R. J. Thomas, J. L. Tighe, J. A. Tilden, 
J. G. Trautwine, Jr., J. H. Walsh, Hardolph Wasteneys, R. S. Weston, 
G. E. Winslow, I. 8. Wood. — 72. 


ASSOCIATES. 


American Asphaltum and Rubber Company, by Ray B. Nisbet; Ander- 
son Coupling Company, by C. E. Pratt; Ashton Valve Company, by Columbus 
Dill and C. W. Houghton; Builders Iron Foundry, by A. B. Coulters; Chap- 
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man Valve Manufacturing Company, by H. L. DeWolfe, A. W. Hobbs, 
J. M. Noonan, A. W. Gilbert, and Thos. Rudley; Allyne Brass Foundry Com- 
pany, by B. Thos. Beardsley, R. M. Corcoran, C. R. Bohn, and J. N. Frantz; 
Darling Pump and Manufacturing Company, by H. H. Davis and J. L. 
Hough; Gamon Meter Company, by C. A. Vaughan, W. H. Buckley, E. W. 
Gamon; George E. Gilchrist Company, by W. J. Chellew; Glauber Brass 
Manufacturing Company, by A. I. Fischer and Sam Davis; Hays Manu- 
facturing Company, by C. E. Mueller, H. H. Clemens, and T. J. Nagle; Her- 
sey Manufacturing Company, by L. S. Barnard, W. A. Hersey, W. C. Sher- 
wood, Frank Whitlock, and J. A. Tilden; International Steam Pump Company, 
by Samuel Harison, D. A. Acer, A. Neidemeyer, and D. A. Decrow; Ken- 
nedy Valve Company, by M. J. Brosnan; Lead Lined Iron Pipe Company, 
by Thomas Dwyer and J. W. McCormack; Ludlow Valve Manufacturing 
Company, by T. A. Galvin and A. R. Taylor; Chas. Millar & Son Company, 
by C. F. Glavin; H. Mueller, Manufacturing Company, by G. A. Caldwell, 
R. M. Hastings, F. B. Mueller, O. B. Mueller, and T. G. Paradine; National 
Meter Company, by W. P. Oliver, J. G. Lufkin, John C. Kelley, Jr., and C. 
H. Baldwin; National Water Main Cleaning Company, by D. H. Buell; 
Neptune Meter Company, by J. F. Reagan, Jr., F. A. Smith, T. D. Faulks, 
and H. H. Kinsey; New York Continental Jewell Filtration Company, by 
R. E. Milligan; Norwood Engineering Company, by H. W. Hosford; Pitts- 
burg Meter Company, by J. M. Jones, V. E. Arnold, T. C. Clifford, and 
F. L. Northrop; Platt Iron Works Company, by F. H. Hayes; Rensselaer 
Manufacturing Company, by F. S. Bates, C. L. Brown, and J. 8. Warde, Jr.; 
Ross Valve Manufacturing Company, by W. R. Ross and J. C. Ross; A. P. 
Smith Manufacturing Company, by F. N. Whitcomb and T. F. Halpin; 
Thomson Meter Company, by E. M. Shedd, W. 8. Cetti, and S. D. Higley; 
Union Water Meter Company, by L. P. Anderson and F. E. Hall; U.S. Cast 
Iron Pipe and Foundry Company, by W. H. Franklin; Water Works Equip- 
ment Company, by W. H. Van Winkle and H. M. Heim; R. D. Wood & 
Co., by W. F. Woodburn and C. R. Wood; Standard Cast-Iron Pipe and 
Foundry Company, by W. E. Dodds. — 79. 


GUESTs. 


Mrs. E. M. Finigan and Miss B. Moran, Lyons, N. Y.; Mr. and Mrs. 
Pailsey, Mr. and Mrs. John F. Skinner, Frederick T. Elwood, Mrs. Beekman 
C. Little, H. S. Judson, George A. Beach, H. L. DeLaney, Thos. J. Neville, 
George H. Bliven, G. K. M. Clarke, Jos. E. Putnam, Ruden W. Post, Miss 
Mamie Miller, Mrs. George Miller, Mrs. George Cripps, David H. Westbury, 
Mr. and Mrs. John F. Amos, Mrs. E. A. Fisher, Miss Fanny B. Fisher, 
N. Adelbert Brown, F. L. Pease and Montgomery E. Leary, Rochester, N. Y.; 
John A. Hamilton, Paterson, N. J.; Mr. and Mrs. Alex Milne, St. Catherines, 
Ont.; Mrs. D. G. Thomas, Denver, Colo.; C. H. Ross, Waterloo, N. Y.; 
B. F. Sonder, Atlantic City, N. J.; Norman J. Gould, Seneca Falls, N. Y.; 
Frank Anigoni, Middletown, Conn.; Mr. and Mrs. W. Calahan, John H. 
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Shifferens, Mrs. A. Neidermeyer, Miss Neidermeyer, Henry L. Lyons, W. E. 
Glass, Edward A. Ritter, George M. Schmich and Mrs. Charles E. Richardson, 
Buffalo, N. Y.; Mrs. George Holtzmann, Schenectady, N. Y.; Ray Douglass, 
George R. Ellis, Canandaigua, N. Y.; Mrs. F. C. Luce, Woodhaven, N. Y.; 
Mrs. H. W. Hosford, Norwood, Mass.; C. J. Biladeau, J. F. Biladeau, Pitts- 
field, Mass.; Mrs. J. W. Kay, Milford, Mass.; John K. Gunn, Utica, N. Y.; 
C. P. Pollard, Jr., I. E. Stansbury, Baltimore, Md.; Mrs. L. M. Bancroft, 
Reading, Mass.; Mrs. T. J. Carmody, Miss Mary T. Ryan, Holyoke, Mass.; 
Mrs. George E. Winslow, Waltham, Mass.; Mrs. George T. Staples, Dedham, 
Mass.; Mrs. R. J. Thomas, Lowell, Mass.; Mrs. John Mayo, Bridgewater, 
Mass.; Mrs. Willard Kent, Narragansett Pier, R. I.;. Mrs. I. S. Wood, Provi- 
dence, R. I.; Mrs. George A. Stacy, Marlboro, Mass.; Mrs. T. A. Pierce, 
Mrs. Emma A. Vaughan, East Providence, R. I.; Mrs. Columbus Dill, T. A. 
Collins, Miss J. M. Ham, Boston, Mass.; Mr. and Mrs. J. J. Desmond, Law- 
rence, Mass.; A. E. Kornfeld, I. 8. Holbrook, E. T. Walker, J. M. Goodell, 
Mrs. F. W. Shepperd, New York City; D. C. Barrows, Olean, N. Y.; Mrs. 
J. C. Ross, Mrs. James M. Caird, Mrs. Fred 8. Bates, Troy, N. Y.; Mr. and 
Mrs. A. W. P. Cobb, Auburn, Me.; Mr. and Mrs. J. B. Longley, Lewiston, 
Me.; C. A. Goodhue, Thompsonville, Conn.; Mr. and Mrs. James P. Bacon, 
Mrs. L. M. Hastings, Cambridge, Mass.; Joseph Alger, Brockton, Mass.; 
Mrs. L. P. Hapgood, Springfield, Mass.; Mrs. Ernest Gamon, Newark, N. J.; 
Mrs. Charles R. Wood, Philadelphia, Pa.; Henry V. Van Order, Ithaca, 
N. — 95. 


Total members and guests present, 246. 
The following had exhibits: 


MEMBERS. 


Geo. T. Staples. 
Geo. H. Snell. 
Geo. E. Winslow. 
E. R. Dyer. 

A. S. Sawyer. 
Frank E. Merrill. 
H. B. Van Order. 


ASSOCIATE. 


H. Mueller Manufacturing Company. 
Geo. E. Gilchrist Company. 

Glauber Brass Manufacturing Company. 
Union Water Meter Company. 

Allyne Brass Foundry Company. 

R. D. Wood & Co. 

The Pitometer Company. 


: 
: 
7 


PROCEEDINGS. 


The Ashton Valve Company. 
Hersey Manufacturing Company. 

Neptune Meter Company. 
American Ashphaltum and Rubber Company 
The Gamon Meter Company. 

Henry R. Worthington Company. 

Alexander Milburn Company. 

Chapman Valve Manufacturing Company. 
National Water Main Cleaning Company. 
Water Works Equipment Company. 

Lead Lined Iron Pipe Company. 

Thomson Meter Company. 

Pittsburg Meter Company. 

Ross Valve Manufacturing Company. 

Hays Manufacturing Company. 

Builders Iron Foundry. 

National Water Meter Company. 

A. P. Smith Manufacturing Company. 
Norwood Engineering Company. 


RocHEsSTER INDUSTRIES. 


Eastman Kodak Company. 
Bausch & Lomb Optical Company. 
Luitwieler Pumping Engineering Company. 
Taylor Instrumental Companies. 

Gleason Works. 
Rochester Water Department. 


ForRENOON, WEDNESDAY, SEPTEMBER 21. 


The convention was called to order at 10.30 a.m., by George 
A. King, President. His Honor Mayor Hiram Edgerton was 
presented, and made a short address of welcome, as follows. 

Mr. President and Gentlemen of the New England Water Works 
Association,— The city of Rochester cordially welcomes all 
visitors, and it has been my privilege upon many occasions to ex- 
tend the greetings of my fellow-citizens to gatherings of this 
character. We feel honored in having with us so many dis- 
tinguished people as are connected with this organization. Our 
invitation and our welcome is not, however, entirely unselfish, 
for we expect to learn from you many things which will be of 
benefit to us. In return, we are willing to give you the best we 
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have. We have a beautiful city, and we are very proud of it. 
We are glad to have you here at a time when we can show the city 
to you under such favorable circumstances. We trust that your 
visit among us will be not only pleasant but profitable, and that 
you will receive such impressions as will cause you to remember 
us with pleasure and wish to come back again. We give you a 
most cordial welcome, and, so far as is possible, we extend to you 
also the freedom of the city, to go where you will, when you will, — 
and we know you will be welcomed everywhere. 

THE PrestmpENnT. Mr. Mayor, I thank you for your words of 
welcome, and we shall be pleased to accept your courtesies. We 
have with us another representative of the city of Rochester, the 
secretary of the Chamber of Commerce, Mr. Roland B. Woodward. 

Mr. Woopwarp. Mr. President and Gentlemen, — My ex- 
perience with water-works conventions is limited, but very 
vivid. I went to Milwaukee to a meeting of the American 
Water Works Association, and if I ever saw a gathering which be- 
lied its name, that one-did. : I didn’t recover from the effects of 
my attendance in time to go to the last meeting at New Orleans. 
They are coming to Rochester next year, as you know, and we 
will show them the finest system of water works that they have 
ever seen, although they can dilute the water if they want to. 

But everybody who comes to Rochester has a good time, and 
we don’t want you people to be any exception to the rule. There 
is something about the atmosphere of this city that is exhilarating, 
- and after you have been here two or three days we hope you will 
feel just like old-time Rochesterians. That is the spirit of our 
city: A spirit of open-hearted and open-handed hospitality, and 
we are glad to have you here. The mayor has tendered you a 
welcome in behalf of the city, and I take pleasure in welcoming 
you in behalf of the business interests of the city, which I represent 
through the Chamber of Commerce. Our invitations uave gone 
to different organizations, and we have welcomed here the Jew 
and Gentile,- the Catholic and the Protestant, representatives 
of business interests ‘at home and abroad, — in fact, we have had 
among us all types and kinds of men, and we have yet to hear of 
any gathering in this city that has not received fair and courteous 
treatment. We know that you will have a good time, and we know 
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that we will leave nothing undone which will help you to have a 
good time. We are proud of our city, we are proud of the people 
who visit us, and we want them to go away feeling that this is a 
fine city in which to visit or in which to live. We hope that some 
of you will find this place so attractive that you can appreciate 
the feelings of one man who, after having spent a few days here, 
said : ‘‘ It has always worried me somewhat as to where I should 
go if I died and couldn’t get into heaven, but now my mind is at 
rest. If I went up there and applied for admission and St. Peter 
said, ‘No, you can’t come in,’ I should simply say, ‘ All ee 
never mind; I will just go back to Rochester.’ ” 

After thanking Mr. Woodward for his words of welcome, the 
President called upon the Secretary, who read the following names 
of applicants for membership, properly endorsed and recommended 
by the Executive Committee: 


Active: Joseph F. Biladeau, Pittsfield, Mass., superintendent; 
Chester Gordon Gillespie, Berkeley, Cal., engaged in the designing 
and operation of water filtration plants; Richard R. Bradbury, 
West Shokan, N. Y., section engineer, Board of Water Supply, 


New York City; Charles Henry Preston, Jr., Waterbury Conn., 
civil engineer; William E. Hannon, Boston, Mass., water com- 
missioner; Leslie O. Smith, Columbus, Ohio, engaged in physical 
and auditing examination and superintending of water works; 
George R. Ellis, Canandaigua, N. Y., superintendent of water 
department; Henry B. Van Order, Ithaca, N. Y., superintendent 
of ee George L. Weller, Elyria, Ohio, superintendent water 
works. — 9. 
Associate: Allyne Brass Foundry Company, Detroit, Mich.; 

Standard Cast-Iron Pipe and Foundry Company, Bristol, Pa.: ee 
Kickerbocker Engineering Company, Brooklyn, N. Y. — 3. 


On motion of Lewis M. Bancroft, the Secretary was directed to 
cast the ballot of the Association in favor of the candidates named, 
and he having done so they were declared by the President to be 
duly elected members of the Association. 

On motion of Mr. James L. Tighe, it was voted that the President 
be authorized to appoint a committee of five to nominate officers 
for the ensuing year, and the President appointed as the committee, 
James L. Tighe, M. N. Baker, R. S. Weston, J. C. Hammond, Jr., 
and R. C. P. Coggeshall. 
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THE PRESIDENT. Some two months ago I was asked, as Presi- 
dent of the Association, to appoint delegates to attend the Second 
National Conservation Congress at St. Paul, and I appointed as 
our delegates Mr. J. F. Fanning, of Minneapolis; J. W. Alvord, 
of Chicago; G. H. Benzenberg, of Milwaukee; D. W. Meade, of 
Madison; and J. Robert Adams, of St. Paul. These gentlemen 
all accepted the appointment, and I have received the following 
letter from Mr. Benzenberg. 


MiLwavKkEE, September 12, 1910. 
Mr. Geo. A. Kina, Prest. N. E. W. W. Assoc., 
Taunton, Mass. 

Dear Sir,—I wish to report that I attended the Second National Conserva- 
tion Congress at St. Paul last week, together with Professor D. W. Meade. 
I did not have the pleasure of meeting the other delegates appointed by you. 

Enclosed I send you a copy of the program for the week. Comparatively 
little was accomplished by the congress, most of the time being taken up by 
the speakers on the question of state rights versus the right of the federal 
government to develop and control the natural resources, and by addresses. 
Aside from that by the president and that by Mr. Roosevelt, — which may 
be useful for political purposes, — very little of a really practical nature was 
submitted. The representatives of technical societies did not constitute a 
factor of the congress. I will send you or the Secretary, as you may direct, 
a complete copy of all the proceedings of the congress as soon as the same are 
printed and bound, which will be in about three months from now. 

Hoping you will have a very successful meeting at Rochester, I remain, 

Very truly yours, 
G. H. BENZENBERG. 


I directed Mr. Benzenberg to send his copy of the proceedings 
to our headquarters at Boston, and if any of you wish to consult 
the volume at any time you will find it there after it is issued. 

Mr. Georce A. Stacy. Mr. President, —I desire to make a 
motion at this time in regard to a kindred association. I move that 
the Secretary be instructed to send this telegram: ‘‘ The New 
England Water Works Association, in convention assembled at 
Rochester, N. Y., September 21, 1910, to the Central Water 
Works Association assembled at its thirteenth annual convention, 
sends greetings and congratulations.” [Adopted.] 

The President announced that the Executive Committee had 
considered somewhat the matter of the place for the next annual 
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convention, and had appointed a subcommittee consisting of the 
President, the Secretary, and: Mr. Allen Hazen, to look into the 
subject. The committee would be pleased to receive suggestions 
at any time. 


EVENING. 


The following papers were read at the evening session: 

“A General Description of Rochester, Its Municipal Govern- 
ment and Physical Features,” by Mr. Edwin A. Fisher, city en- 
gineer, Rochester, N. Y.; “‘ Pertinent Matters relating to Water 
Works,” by Mr. Frederick T. Elwood, commissioner of public 
works, Rochester, N. Y.; ‘‘ A Description of the Rochester Water 
Works,”’ by Mr. Beekman C. Little, superintendent of water 
works, Rochester, N. Y.; ‘‘ New Reservoir at Cobb’s Hill” 
(illustrated), by Mr. John F. Skinner, principal assistant engineer, 
Rochester, N. Y. 

An address was then made by Mr. R. N. Searles, vice-president 
of the Chamber of Commerce, upon the “‘ Rochester Spirit.’ 

Mr. C. C. Laney, superintendent of parks, Rochester, N. Y., 
gave a brief description of the Rochester park system, and showed 
a number of stereopticon views of scenes in the various parks. 

[Adjourned to 10 a.m., Thursday, September 22.] 


THuRSDAY MorNING, SEPTEMBER 22. 


The Secretary read the following telegram received from the 
Central States Water Works Association: ‘‘ We acknowledge with 
grateful appreciation receipt of your telegram of kind greetings, 
The Central States Water Works Association return to your 
assembly now in session at Rochester, N. Y., their cordial greetings, 
and wish you the fullest measure of success in your good work.” 

Mr. Emil Kuichling, consulting engineer, New York, read a 
paper on “Steel Pipe Lines.” The paper was discussed by Mr. 
Francis H. Luce, Mr. Edwin A. Fisher, Mr. William Murdock, 
Mr. Leonard Metcalf, Mr. L. M. Hastings, Mr. W. C. Hawley, 
Mr. Allen Hazen, Mr. Morris Knowles, and Mr. Robert S. Weston. 

In the absence of Mr. F. C. Jordan, secretary of the Indian- 
apolis Water Company, Indianapolis, Ind., who was in attendance 
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at the convention of the Central States Water Works Association, 
Mr. Leonard Metcalf read Mr. Jordan’s paper on ‘“‘ Statistics of 
Growth of Income.” The paper was discussed by Mr. Metcalf, 
Mr. W. C. Hawley, Mr. William F. Sullivan, Mr. James L. Tighe, 
Mr. Arthur A. Reimer, Mr. Theodore H. McKenzie, and Mr. 
William Murdock. 


AFTERNOON. 


Mr. William F. Woodburn, chairman of the Committee on 
Exhibits, made the following report. 

“We have 26 exhibits from the associate members, 8 exhibits 
from the active members, and 5 exhibits from city of Rochester 
industries. The exhibits of the active members and of the city 
of Rochester industries have added a great deal of interest to 
the general exhibition. This has been a new feature this year, 
and it will undoubtedly be continued in the future. The associate 
members have given us a very nice line of exhibits. I wish to say 
that the local committee have been very kind. They attended to 
all the trucking and unpacking, so that the exhibitors have had 
very little bother. We are particularly indebted to the Rochester 
Water Department for these courtesies, and we thank them for it.’’ 

On motion of Mr. Reimer, it was voted that the report be ac- 
cepted and placed on the minutes. The President, in discharging 
the committee, extended the thanks of the Association for its 
efficient service in providing one of the most interesting exhibitions 
the Association has ever had. 

Mr. Leonard Metcalf, consulting engineer, Boston, Mass., then 
. read a paper on “ Depreciation in Water Works and Methods 
of Accounting Therefor.” This paper was discussed by Mr. 
Arthur A. Reimer, Mr. Theodore H. McKenzie, Mr. James L. 
Tighe, Mr. Edward 8. Cole, Mr. William 8. Sullivan, Mr. Emil 
Kuichling, and the President. 

Mr. Robert Spurr Weston, sanitary expert, Boston, Mass., 
read a paper on “ Corrosion of Metals.”’ At the conclusion of 
the reading of the paper by Mr. Weston, the President said: 

‘Some three months ago, in conversation with one of our mem- 
bers, Mr. Allen Hazen, in New York, he said he hoped that we 
might hear something at our convention about the effect of 
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hypochlorite of lime upon pipe, and suggested that some experi- 
ments had been made in New York, and that by writing to 
Mr. Wiggin I might obtain a contribution to the discussion of 
that subject. I received this noon the following letter: 


New York, September 21, 1910. 


Mr. Grorce A. Kine, President New England Water Works Association, 
Rocusster, N. Y. 

Dear Sir, — Complying with your request to Mr. Wiggin, which he has 
referred to me, to take part in the discussion of Mr. Weston’s paper on “‘ Cor- 
rosion of Metals,’ I take pleasure in sending you herewith a statement of 
what data we have gathered regarding the effects of hypochlorite of lime on 
metals. 

Yours truly, 
HAROLD C. STEVENS. 

Mr. Stevens’s paper was read by Mr. James L. Tighe, and both 
papers were then discussed by Mr. Edward D. Eldredge, Mr. 
Samuel A. Agnew, Mr. Weston, Mr. W. G. Hawley, and Mr. 
William F. Sullivan. 


EVENING. 


The following-named applicants were elected to membership, 
the Secretary casting the ballot of the Association: John M. 
Goodell, of New York, editor Engineering Record, active; The 
Gould Manufacturing Company, Seneca Falls, N. Y., associate. 

Mr. Morris Knowles, chief engineer, Bureau of Filtration, 
Pittsburg, Pa., read a paper entitled, ‘The Use of the Water 
Ejector for Transporting Sand.”” Mr. Chester F. Drake, superin- 
tendent of filtration, Pittsburg, contributed a paper upon the 
same subject, which was read by Mr. W. C. Hawley. The subject 
was discussed by Mr. M. F. Collins and Mr. Allen Hazen. 

At the conclusion of the discussion, the President announced 
that Mr. William F. Sullivan had a motion to make. Mr. Sullivan 
said: 

“ Mr. President, it seems to me that the committee whose duty 
it was to select.a meeting place for this convention certainly made 
no mistake in selecting the city of Rochester, and I believe I 
express the feelings of the Association when I say that the people 
of Rochester have surely done their part to make our visit here 
pleasant and profitable. 
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“T therefore move that a rising vote of thanks be extended to the 
officials of the water department, to the city engineer, to the Cham- 
ber of Commerce, and to all who have in any way contributed to 
our instruction, entertainment, and pleasure; and that the Secre- 
tary of the Association be instructed to send to the proper persons 
an expression of our appreciation of the generous hospitality 
which has been shown us.” [Adopted.] 

Dr: Herbert D. Pease, sanitary expert, Board of Water Supply, 
New York City, gave a talk on ‘“ The Relation of Flies to the 
Transmission of Infectious Diseases.” His.address was illustrated 
by stereopticon views. 

A paper by Professor H. T. Barnes, director of physics, McGill 
University, Montreal, Canada, on ‘‘ Ice Formation,”’ was read by 
title. 

Mr. James M. Caird, chemist and bacteriologist, Troy, N. Y., 
read a paper on “ The Purification Plant of the Rochester and 
Lake Ontario Water Company, Rochester, N. Y.”’ Dr. J. Roby, 
of Rochester, Mr. W. C. Hawley, Mr. Emil Kuichling, and Mr. 
Leonard Metcalf contributed to the discussion. [Adjourned.] 


NovEMBER MEETING. 


Hotei BRUNSWICK, 
Boston, November 9, 1910. 


The President, George A. King, in the chair. 
The following members and guests were present: 


MEMBERS. 


S. A. Agnew, C. H. Baldwin,.A. F. Ballou, L. M. Bancroft, G. W. Batchel- 
der, A. E. Blackmer, C. A. Bogardus, G. A. P. Bucknam, G. A. Carpenter, 
George Cassell, J. C. Chase, J. H. Child, C. EF. Childs, E. S. Cole, M. F. 
Collins, W. R. Conard, L. 8. Doten, E. D. Eldredge, G. H. Finneran, J. H. 
Flynn, A. N. French, C. W. Gilbert, A. 8. Glover, F. H. Gunther, R. K. Hale, 
F. E. Hall, J. O. Hall, W. E. Hannan, Allen Hazen, M. F. Hicks, F. M. Hut- 
chinson, W. S. Johnson, Willard Kent, F. C. Kimball, G. A. Kimball, G. A. 
King, J. J. Kirkpatrick, Morris Knowles, E. E. Lochridge, A. R. McCallum, 
W. A. McKenzie, N. A. McMillen, D. E. Makepeace, A. D. Marble, A. E. 
Martin, John Mayo, F. E. Merrill, Leonard Metcalf, E. E. Minor, William 
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Naylor, F. L. Northrop, O. E. Parks, T. A. Peirce, L. C. Robinson, M. J. 
Rosenau, H. W. Sanderson, A. L. Sawyer, E. M. Shedd, J. E. Sheldon, 
G. H. Snell, G. A. Stacy, G. T. Staples, E. L. Stone, W. F. Sullivan, 
H. L. Thomas, R. J. Thomas, W. H. Thomas, J. L. Tighe, J. A. Tilden, 
D. N. Tower, W. H. Vaughan, C. K. Walker, R. S. Weston, F. I. Winslow, 
G. E. Winslow, L. 8. Wood. — 76. : 


ASSOCIATES. 


American Asphaltum and Rubber Company, by R. B. Nisbet; Ashton 
Valve Company, by C. W. Houghton; Harold L. Bond & Co., by H. L. Bond 
and G. S. Hedge; Darling Pump and Manufacturing Company (Ltd.), by 
H. H. Davis; Hersey Manufacturing Company, by Albert S. Glover, J. A. 
Tilden, W. A. Herséy; International Steam Pump Company, by Samuel Har- 
rison; Lead Lined Iron Pipe Company, by T. E. Dwyer; Ludlow Valve Manu- 
facturing Company, by H. F. Gould and A. R. Taylor; H. Mueller Manu- 
facturing Company, by G. A. Caldwell; National Meter Company, by C. H. 
Baldwin and J. G. Lufkin; Pennsylvania Cement Company, by G. M. Clukas; 
Neptune Meter Company, by H. H. Kinsey; Pittsburg Meter Company, by 
F. L. Northrop; Rensselaer Manufacturing Company, by F. S. Bates and 
C. L. Brown; A. P. Smith Manufacturing Company, by F. N. Whitcomb; 
Thomson Meter Company, by E. M. Shedd, United States Cast Iron Pipe 
and Foundry Company, by D. B. Stokes; Union Water Meter Company, 
by E. P. King and F. E. Hall; R. D. Wood & Co., by William Woodburn. 
— 27. 

GUEsTs. 


C. O. Bent, Gardner, Mass.; Clifton A. Crocker,: Stanford L. Haynes, 
Springfield, Mass.; Dr. John F. Cahill, A. Fleming, J. J. Desmond, Lawrence, 
Mass.; C. A. Moore, Westfield, Mass.; Henry E. Warren, Ashland, Mass.; 
E. J. Titeomb, Rochdale, Mass.; F. D. Flynn, Canal Zone; J. W. Stinson, 
Cambridge, Mass.; John Thompson, Dracut, Mass.; George T. Palmer, 
F. E. Lenene, Boston, Mass. — 14. 


The Secretary presented the following names of applicants for 
membership, all of whom had been approved by the Executive 
Committee. 


Active. — Channing Smith, Cherry Valley, Mass., chairman of 
Board of Water Commissioners, Cherry Valley and Rochdale 
Water District; E. J. Whitcomb, Rochdale, Mass., member of 
Board of Water Commissioners, Cherry Valley and Rochdale 
District; Wisner Martin, Cambridge, Mass., for eleven years 
principal assistant engineer, Department of Public Works, New 
York City, now engineer to the Joint Water Board of Abington 
and Rockland, Mass. — 3. ¥ 
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On motion of Mr. T. A. Peirce, the Secretary was directed to 
cast the ballot of the Association in favor of the admission of the 
applicants above named, and he having done so, they were 
declared by the President duly elected to membership. 

Dr. John C. Cahill, mayor of the city of Lawrence, then ad- 
dressed the Association on water-works topics, with especial 
reference to the construction and work of the Lawrence filter. 

Mr. Edward 8. Cole, C.E., of New York, read a paper on the 
subject of ‘‘ Water Consumption and Statistics relating Thereto.” 
The discussion which followed was participated in by Mr. Leonard 
Metcalf, Mr. Elbert E. Lochridge, Mr. George A. Stacy, the 
President, Mr. George A. Carpenter, Mr. Frank C. Kimball, Mr. 
Johnson, Mr. Allen Hazen, Mr. Frank A. McInnes, Mr. Robert S. 
Weston, Mr. John C. Chase, Mr. Samuel A. Agnew, Mr. F. H. 
Hayes, Mr. William S. Sullivan, Mr. Walter H. Richards, Mr. 
George Cassell, Mr. Robert. J. Thomas, Mr. John J. Kirkpatrick, 
and Mr. George E. Winslow. 

Mr. Allen Hazen, consulting engineer, of New York, presented 
a paper in which he considered the subject of the reasonable 
thickness of the walls of pipes in order to afford requisite strength. 
Mr. Leonard Metcalf, the President, and Mr. Robert S. Weston 
spoke in connection with the paper. 

Mr. A. E. Martin.* Mr. President, it seems to me that neither 
Mr. Hazen’s paper nor Mr. Cole’s paper, especially Mr. Hazen’s, 
should be buried in our files without some further action being 
taken upon them. If our pipe specification tables are not what 
they should be, they certainly ought to be changed. I should 
like to inquire if our Committee on Pipe Specifications is still 
in existence, and if it is not, it seems to me it ought to be re- 
vived and this paper of Mr. Hazen’s referred to it. 

THe Presipent. I understand, Mr. Martin, that the Com- 
mittee on Standard Specifications for Cast-Iron Pipe, of which 
Mr. Brackett is the chairman, is still in existence. 

Mr. Martin. Then I will make this motion: That Mr. Hazen’s 
paper be referred to the Committee on Standard Specifications for 
Cast-Iron Pipe for study and further report, unless Mr. Hazen 
has some objection to that. 


* Superintendent of Water Works, Springfield, Mass. 
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The motion was adopted. 

Mr. Joun-O. Hatu. I think that the matter which Mr. Cole 
has presented is also one of very great importance, and one which 
lies at the root of the financial element which enters into the 
question of water distribution. I will therefore move that his 
paper be referred to a committee of three, to be appointed by the 
chair, and reported upon. 

The motion was adopted, and the President appointed as such 
committee: Mr. Leonard Metcalf, Mr. Frank J. Gifford, and Mr. 
William F. Sullivan. 

Adjourned. 


DECEMBER MEETING. 


Hote, Brunswick, 
Boston, December 14, 1910. 


The President, George A. King, in the chair. 
The following members and guests were present: 


Honorary MEMBER. 
Frederic P. Stearns. 


MEMBERS. 


E. R. B. Allardice, C. H. Baldwin, A. F. Ballou, L. M. Bancroft, G. W. 
Batchelder, A. E. Blackmer, J. W. Blackmer, C. A. Bogardus, George Bowers, 
Dexter Brackett, James Burnie, G. A. Carpenter, J. C. Chase, R. D. Chase, 
C. E. Childs, R. C. P. Coggeshall, M. F. Collins, A. W. Cuddeback, J. C. 
DeMello, Jr., John Doyle, E. D. Eldredge, J. H. Flynn, A. N. French, F. L. 
Fuller, A. 8. Glover, F. H. Gunther, F. E. Hall, T. G. Hazard, Jr., H. R. 
Johnson, W.S. Johnson, F. T. Kemble, Willard Kent, Patrick Kieran, 8. E. 
Killam, F. C. Kimball, G. A. Kimball, G. A. King, C. F. Knowlton, A. R. 
McCallum, F. A. McInnes, N. A. McMillen, D. E. Makepeace, W. E. May- 
bury, John Mayo, F. E. Merrill, Leonard Metcalf, William Naylor, F. L. 
Northrop, O. E. Parks, E. M. Peck, T. A. Peirce, H. E. Perry, W. D. Pollard, 
Dwight Porter, Henry Roberts, L. C. Robinson, H. E. Royce, A. L. Sawyer, 
W. H. Sears, E. M. Shedd, G. H. Snell, G. A. Stacy, T. V. Sullivan, W. F. 
Sullivan, G. T. Swarts, H. A. Symonds, L. A. Taylor, R. J. Thomas, L. D. 
Thorpe, E. J. Titeomb, D. N. Tower, C. H. Tuttle, W. H. Vaughn, L. J. 
Wilber, F. B. Wilkins, F. I. Winslow, G. E. Winslow, I. S. Wood. —78. 
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ASSOCIATES. 


Ashton Valve Company, by H. H. Ashton and C. W. Houghton; Harold 
L. Bond Company, by F. M. Bates; Chapman Valve Manufacturing Com- 
pany, by H. L. DeWolfe; Darling Pump and Manufacturing Company, by 
H. H. Davis; Hayes Machinery Company, by F. H. Hayes; Hersey Manu- 
facturing Company, by Albert S. Glover and W. A. Hersey; International 
Steam Pump Company, by Samuel Harrison and 8. F. Nye; Lead-Lined 
Tron Pipe Company, by T. E. Dwyer; Ludlow Valve Manufacturing Com- 
pany, by A. R. Taylor and H. F. Gould; Chas. Millar & Son Company, by 
C. F. Glavin; H. Mueller Manufacturing Company, by G. A. Caldwell; 
National Meter Company, by C. H. Baldwin, J. G. Lufkin, and H. L. Weston; 
Neptune Meter Company, by H. H. Kinsey; New York Continental Jewell 
Filtration Company, by R. E. Milligan; Rensselaer Manufacturing Company, 
by C. L. Brown; A. P. Smith Manufacturing Company, by F. N. Whitcomb; 
Thomson Meter Company, by E. M. Shedd; United States Cast Iron Pipe 
and Foundry Company, by D. B. Stokes; Waldo Bros., by H. E. Browne; 
R. D. Wood & Co., by W. F. Woodburn. — 26. 


GUESTS. 


Samuel F. Crompton, engineer, East Greenwich, R. I.; A. M. Dunbar, 
water commissioner, Hyde Park, Mass.; F. F. Strout, J. H. A. Currier, F. H. 
Fay, H. A. Hanscom, Louis K. Rourke, and C. F. Wentworth, Boston, Mass.; 
F. E. Strickland, Wm. E. Atwater, and John E. Boyle, Westfield, Mass. ; J. J. 
Desmond, Lawrence, Mass.; Samuel H. Lea, state engineer, Pierre, So. 
Dak.; G. H. Pratt, chemist, Rhode Island State Board of Health, Providence, 
R. I.; Thomas 8S. O. Connell, water commissioner, Wakefield, Mass. — 15. 


The Secretary presented applications for membership, properly 
endorsed and approved, from Herbert P. T. Matte, Southbridge, 
Mass., assistant superintendent engineer, Southbridge Water 
Supply Company, and J. W. Speller, Pittsburg, Pa., chief chemist 
and metallurgical engineer for the National Tube Company. 

On motion of Mr. Peirce, the Secretary was instructed to cast 
the ballot of the Association in favor of the applicants, and he 
having done so, they were declared by the President duly elected 
members. 

Louis K. Rourke, superintendent of streets, Boston, Mass., 
gave an interesting talk, illustrated by stereopticon views, on the 
Panama Canal. Mr. John C. Chase, Mr. Frank L. Fuller, and Mr. 
Frederic P. Stearns spoke briefly of visits made by them to the 
work. 
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Mr. Robert E. Milligan, manager of the New York Continental 
Jewell Filtration Company, read a paper on “ The Water Filtra- 
tion Plant at Newport, R. I.” He was followed by Dr. Gardner T. 
Swarts, secretary of the State Board of Health of Rhode Island, 
whose subject was ‘‘ Some Difficulties in the Purification of Water 
Supplies.” The discussion was participated in by Mr. Pratt, 
Mr. Harry W. Clark, Mr. Robert S. Weston, and Mr. Leonard 
Metcalf. Dr. Swarts and Mr. Milligan spoke in reply. 

Adjourned. 
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EXECUTIVE COMMITTEE. 


Meeting of Executive Committee of the New England Water 
Works Association at Hotel Seneca, Rochester, N. Y., Wednesday, 
September 21, at 9.30 p.m. 

Present: President George A. King, Allen Hazen, Michael F. 
Collins, Irving 8. Wood, George A. Stacy, I. M. Bancroft, Robert 
J. Thomas, and Willard Kent. 

Voted: That the following-named members and associates who 
were dropped for non-payment of dues, having since settled the 
same, be, and hereby are, reinstated: : 


Members: Messrs. T. W. Lesage, G. C. Bunker, R. S. Lea, 
B. R. Felton, E. P. Whitten, J. W. DuB. Gould, C. H. Rollins, 
R. W. Pratt, T. D. L. Coffin, W. H. Humphreys, A. J. Taylor, 
B. B. Hodgman, E. A. Weimer, and H. A. Lord. 

Associates: Hart Packing and Pitometer Company. 


Voted: That the following-named applications for membership 
and associate membership be, and hereby are, recommended for 
admission: 


For membership: Charles H. Preston, Jr., civil and consulting 
engineer, Waterbury, Conn.; William E. Hannan, water com- 
missioner, Boston, Mass.; Joseph F. Biladeau, superintendent 
water works, Pittsfield, Mass.; George L. Weller, superintendent 
water works, Elyria, Ohio; Chester G. Gillespie, Berkeley, Cal.; 
Richard R. Bradbury, West Shokan, N. Y.; George R. Ellis, 
superintendent water department, Canandaigua, N. Y.; Leslie 

_ C. Smith, superintendent water works, Cleveland, Ohio; Henry 
B. Van Order, superintendent water works, Ithaca, N. Y. — 9. 

For associate membership: Knickerbocker Engineering Com- 
pany, New York City; Allyne Brass Foundry Company, Detroit, 
Mich.; and Standard Cast Iron Pipe and Foundry Company, 
Bristol, Pa. —3. 


The question of the location for the next annual convention 
was discussed, and it was voted that the President, Vice-President 
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Hazen, and Secretary Kent be, and hereby are, appointed a com- 
mittee to recommend a place for holding the annual convention of 
1911, any necessary expense incurred by the committee to be 
borne by the Association. 


Adjourned. 
Wittarp Kent, Secretary. 


Meeting of the Executive Committee of the New England Water 
Works Association at Hotel Seneca, Rochester, N. Y., September 
22, 1910. ; 

Present: President George A. King, Allen Hazen, Michael F. 
Collins, Leonard Metcalf, Irving S. Wood, George W. Batchelder, 
and Willard Kent. 

The following applications were received and recommended for 
admission : 

For membership: John M. Goodell, editor Engineering Record, 
New York City. 

For associate membership: Gould Manufacturing Company, 
Seneca Falls, N. Y. 

For reinstatement to membership: Mrs. E. M. Finigan, sec- 
retary Lyons Water Company, Lyons, N. Y. 


Bill rendered Mr. Arthur T. Safford for extra copies of report 
of committee appointed to collect data relating to awards for 
water and water-power diversion was, by vote, rebated. 

Adjourned. 


Kent, Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association at Hotel Brunswick, Boston, Mass., 
November 9, 1910, at 12 m. © 

Present: President George A. King, Allen Hazen, Richard K. 
Hale, Lewis M. Bancroft, George A. Stacy, Leonard Metcalf, 
Robert J. Thomas, Irving S. Wood, and Willard Kent. 

Three applications were received and recommended for admis- 
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sion, namely, for membership: Wisner Martin, civil engineer, 
Cambridge, Mass.; Channing Smith, water commissioner, Cherry 
Valley, Mass.; E. J. Titcomb, water commissioner, Rochdale, 
Mass. 

Voted: That the President be and hereby is authorized to ap- 
point a committee to consider the needs of the library of the 
Association. The President appointed as that committee Messrs. 
Charles S. Sherman, Richard K. Hale, and George A. Sampson. 

Adjourned. 

Kent, Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association at Hotel Brunswick, Boston, Mass., 
Wednesday, December 14, 1910, at 12 m. 

Present: President George A. King and members Michael F. 
Collins, Leonard Metcalf, Irving S. Wood, George A. Stacy, 
George W. Batchelder, Willard Kent, Lewis M. Bancroft, and 
Robert J. Thomas. . 

Two applications were received and recommended for ad- 
mission, namely: 

For membership: F. N. Speller, chemist, Pittsburg, Pa., and 
Herbert P. T. Matte, assistant superintendent Southbridge Water 
Supply Company, Southbridge, Mass. 

Adjourned. 

Wiwarp Kent, Secretary. 
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BOOK REVIEWS. 


BOOK REVIEWS. 


SEWERAGE. THE DesiGNING, CONSTRUCTION, AND MAINTENANCE OF 
SEWERAGE Systems. By A. Prescott Folwell, editor Municipal Journal and 
Engineer. Sixth edition, revised and enlarged. 8vo, x + 506 pages, 46 figures, 

‘and 12 plates. New York: John Wiley & Sons, 1910. Cloth, $3.00. 


While this book was primarily intended for practicing engineers, it is 
admirably adapted to use as a text-book in engineering schools. 

The book is divided into four parts, the first three, designing, construction, 
and maintenance, dealing more directly with the sewerage system, the fourth 
with sewage disposal. 

Under “ Designing,’ the author discusses different types of systems, the 
amount of sewage, rainfall and run-off data, with the necessary sizes of sewers 
and questions of flushing and ventilation. There is then a statement of the 
surveys, borings, etc., that are necessarily made before the actual design of 
the system can be carried out. 

The author then discusses the detailed design of the system and preparation 
of plans, with many illustrations of existing works. This first part of the book 
closes with an excellent chapter on contracts, specifications, and estimates of 
costs, with notes on the question of assessments. It includes nearly one half 
of the book. 

Part II, ‘“ Construction,” deals with the necessary preliminary work, 
engineering and otherwise, giving lines and grades, the inspection and meas- 
urement of the work, closing with a long chapter on the details and methods 
of construction. 

The third part, ‘ Maintenance,” is a brief statement of the work required 
to keep the system in proper running order, with the necessary flushing, clean- 
ing, ete. 

Part IV, ‘Sewage Disposal,” has been practically rewritten. In it the 
author discusses disposal by dilution and the various methods of treatment 
in use at the present time, with numerous items of cost of work. 

On reading this book one misses the lists of references so common in many 
technical books, and forming such a valuable part of them. It would also 
seem that, as the book will reach so many city engineers and municipal offi- 
cials, the author might have given valuable advice as to the keeping of statis- 
tics and the preparation of reports. Moreover, one is disappointed at finding 
so few figures of recent date. For instance, in Table 9, page 30, on maximum 
amounts of rainfall, there are no figures of storms later than 1896. 

The book is well printed, the illustrations are numerous, — rather 
small, and there is a good index. 
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Sewace Disposat. By Leonard P. Kinnicutt, C.-E. A. Winslow, and R. 
Winthrop Pratt. Svo, xxvi + 436 pages. 113 figures. New York: John Wiley 
& Sons, 1910. Cloth, $3.00 net. 

In the preface the authors state that the book is intended to give a general 
survey of the problems of sewage disposal from the various viewpoints of the 
chemist, the sanitary biologist, and the engineer, and with particular atten- 
tion to the conditions of American practice. 

The intentions of the authors are well carried out and the book will be found 
to be of considerable value to students, engineers, and public officials inter- 
ested in the design, construction, and operation of sewage disposal works. 

In the introduction the authors discuss ‘“‘ the sanitary demand for sewerage 
and sewage disposal,” covering briefly the dangers arising from accumulations 
of excreted material, the various systems of disposal, and their relations to the 
public health. The chemical composition of sewage is discussed in consid- 
erable detail. 

The authors then discuss the various methods of treatment, under the 
headings of dilution, screening and straining, sedimentation, precipitation, 
septic process, disposal of sludge, broad irrigation and sewage farming, sand 
filtration, contact beds, trickling filters, sewage disinfection, and the methods 
of analyzing sewage and sewage effluents. 

Under each of these headings there are numerous tables and diagrams show- 
ing the results obtained with the various methods of treatment. In many 
cases costs of the processes are stated. 


There are numerous photographs and drawings of existing works and 
descriptions of the important features in considerable detail. There is a good 
bibliography. 


THE Corrosion oF IRON AND STEEL; A Brier TREATISE. By Alfred Lang. 
130 pages, 5 x 8 inches. New York: The McGraw-Hill Book Company, 1910. 
Cloth, $1.00. 

The author states in the preface that this essay is in a great measure a 
compilation and study of the results obtained by other investigators, and is 
intended as a compendium of the subject suitable for reference. 

The book gives a brief statement of the various theories of rusting and 
corrosion, such as the carbonic acid theory, the hydrogen peroxide theory, 
and the electrolytic theory, and the effects of various gases and impurities. 

One of the most valuable features of the book is the general bibliography of 
the more important articles on the corrosion of iron and steel. 
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MEMBERSHIP. 


ADDITIONS. 
(September 1 to December 1, 1910.) 


MEMBERS. 


Biladeau, Joseph F. 
Superintendent Water Works, Pittsfield, Mass. 


Bradley, Richard R. 
Assistant Engineer, Board of Water Supply, New York City, West Shokan, N. Y. 


Bridges, J. H. 
Superintendent Henderson Water Company, Henderson, N. C. 


Ellis, George R. 

Superintendent Water Department, Canandaigua, N. Y. 
Gillespie, Chester G. 

1536 Walnut Street, Berkeley, Cal. 


Goodell, John M. 
239 West Thirty-ninth Street, New York City. 


Hannan, William E. 
Water Commissioner, Boston, Mass. 
Preston, Charles H., Jr. : 
Civil and Consulting Engineer, 136 Grand Street, Waterbury, Conn. 


Smith, Channi 
Chairman rry Valley and Rochdale Water District, Cherry Valley, Mass. - 


Smith, Leslie C. 

Superintendent Water Works, Cleveland, Ohio. 
Titcomb, E. J. 

Water Commissioner, Cherry Valley and Rochdale Water District, Rochdale, Mass. 
Van Order, Henry B. 

Superintendent Water Department, Ithaca, N. ¥ 


Weller, George L. 
Superintendent Water Works, Elyria, N. Y. 


Wisner, Martin 
50 Highland Avenue, Cambridge, Mass. 
ASSOCIATES. 
Allyne Brass Foundry Compan 
Knickerbocker Engineering Compan 
21 Park Row, New York City, 
Standard Cast Iron Pipe and Foundry Company 
Bristol, Pa. ’ 


The Goulds Manufacturing Company 
Seneca Falls, N. Y. 


CHANGES OF ADDRESS. 
MEMBERS. 


Ayres, J. H. . 
- Care City Engineer’s Office, Manila, P. I. 


Barnes, T. Howard 
Puerto Barnos, Guatemala. 


Barnes, William T. 
Las Vegas, Mexico. 


Bartlett, Charles H. 
852 Elm Street, Manchester, N. H., and 60 Pemberton Square, Boston, Mass. 
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Beardsley, Joseph C. 
Card Building, Cleveland, Ohio. 


Bemis, Edward W. 
106 Hamilton Avenue, New Brighton, Staten Island, N. Y. 


Crowley, Robert J. 
Member Lowell Water Board, 53 Central Street, Lowell, Mass. 


Cutting, George W., Jr. 
Care of Construction Quartermaster, Fort Mills, Corregidor, P. I. 


Gregory, John H. 
Engineer Metropolitan Sewerage Commission, 17 Battery Place, New York City. 


Howard, John L. 

Engineer’s Office, City Hall, Pittsfield, Mass. 
King, Arthur C. 

43 Jefferson Avenue, Springfield, Mass. 


Macksey, Henry V. 
11 Gaylord Street, Dorchester, Mass. 


Merrill, Andrew S. 

414 Pleasant Street, Malden, Mass. 
Miller, Hiram A. 

14 Beacon Street, Room 507, Boston, Mass. 


Miller, Stanley A. 
1800 Monroe Street, Paducah, Ky. 


Minor, Edward E. 
Superintendent New Haven Water Company, 91 Temple Street, New Haven, Conn. 


Norcross, Theodore W. 
District Engineer, Forest Service, Majestic Building, Denver, Colo. 
Perkins, John H. : 
Antrim, N. H. 
Sando, Will J. 
Care of Milwaukee Club, Milwaukee, Wis. 
Tarbett, Ralph E. 
Aspinwall, Pa. 
Walden, A. E. 
Superintendent and Chief Engineer, Baltimore County Water and Electric Company, 
100-102 West Fayette Street, Baltimore, Md. 


Warde, Charles S. 
Degergment Water Supply, Gas and Electricity, Borough of Richmond, New Brighton, 


Wehr, Albert H. 
Vice-President and General Manager Baltimore County Water and Electric Company, 
100-102 West Fayette Street, Baltimore, Md. 


Winslow, C.-E. A. 
™ Cole of the City of New York, St. Nicholas Terrace and 139th Street, New 
ork City. 


Wood, Dana M. ‘ 
147 Milk Street, Boston, Mass. 


ASSOCIATE. 


United States Cast Iron Pipe and Foundry Company 
1421 Chestnut Street, Philadelphia, Pa. 
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INDEX. 


Accounts, water-works, depreciation in, with special reference to 
uniform reports. By HARVEY S. CHASE. 305-331, June. 


Bancroft, Lewis M., Treasurer N E W W A. 
Election. 242, March. 
Annual report. 234, Mar. 
Barnes, H. T. Ice formation. 576, Dec. 
Book Reviews. 
.Text-book on hydraulics. By GrorGe E. RUSSELL. 342, June. 
The flow of water: a new theory. By Louis SCHMEER. 342, June. 
The water supply, sewerage, and plumbing of modern city buildings. By 
Wm. PauL GFRHARD. 343, June. 
Sewerage. By A. PREscoTT FoLWELL. 642, Dec. 
Sewage disposal. By Kinnicutt, WINSLow, and Pratt. 643, Dec. 
Corrosion of iron and steel. By ALFRED LANG. 643, Dec. 


Caird, James M. The purification plant of the Rochester and Lake Ontario 
Water Company. 503, Dec. : 

Chandler, Chatles E. Report of committee on damages from water 
diversion. 1-186, Mar. 

Chase, Harvey S. Depreciation in water-works accounting with special 
reference to uniform reports. 305-331, June. 

Choate, Charles F., Jr., Esq. The underlying principles covering riparian 
water rights and diversion suits. 187-204, March. 

Clark, H. W. Double filtration of water. 585, Dec. 

Cleaning water mains. Topical discussion. 373-376, Sept. 

Coal, the purchase of, on an efficiency basis. By A.O. DoANE. 277-298, 
June. : 

Cobb’s Hill Reservoir, Rochester, N. Y. By JoHN F. SKINNER. 498, Dec. 

Constitution, N E W W A, amendments of. 247, March. 

Consumption of water, statistics for, committee appointed to consider. 
636, Dec. 

Corrosive action of water on metals. By R.S. WEsTON. 559, Dec. 


Depreciation 

In water-works accounts with special reference to uniform reports. 
By Harvey S. CHASE. 305-331, June. 

In water-works operation and accounting. By LEONARD METCALF. 442, 

Dec. 


‘ 
= 
i 
: 
é 
: 


INDEX. 


iv 


Diversion suits, the underlying principles governing riparian water 
rights and. By Cuares F. Cuoare, Jr., Esq. 187-204, Mar. 

Diversion of water, report of committee on damages from. 1-186, 
Mar. 

Doane, A. O. The purchase of coal on an efficiency basis. 277-298, June. 


Elwood, Frederick T. Pertinent matters relating to the Rochester water 
works. 492, Dec. 


Filtration, double, of water. By H. W. CLarK. 585, Dec. 

Fisher, Edwin A. Memoranda relative to the city of Rochester, N. Y. 473, 
Dec. 

Forestry. By L. W. GoopricH. 345-364, Sept. 


Gilderson, Dennis H. Obituary. 341, June. 

Goodrich, L. W. Forestry. 345-364, Sept. 

Gow, F. W. Progress report of committee on standard specifications for 
post hydrants. 205-220, Mar. 

Gowing, Earle Harley. Obituary. 256, Mar. 


Hale, Richard A. Report of committee on damages from water diversion. 
1-186, Mar. 

Hale, Richard K., editor N E W W A. 
Annual report. 238, Mar. 
Uniform statistics for 1909. 419, Dec. 

Hartford, Conn., N E W W A meeting at. 334, June. 

Hydrants, progress report of the committee on proposed specifications 
for post. 205-220, Mar. 


Ice formation. By H. T. BARNEs. 576, Dec. 


Jordan, Frank C. Water-wo1ks statistics. 592, Dec. 


Kent, Willard, secretary N E W W A. 
Election. 242, Mar. 
Report of. 231, Mar. 
King, George A., president NEWWA. 
Portrait. Frontispiece, Mar. 
Elected president N E W W A_ 242, Mar. 
Kuichling, E. Steel pipes for water works. 514, Dec. 


Lacount, H. O. Progress report of committee on standard specifications 
for post hydrants. 205-220, Mar. 
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Laney, C.C. Rochester parks. 482, Dec. 

Leighton, Marshall O. Governmental regulation of water powers. 259-276, 
June... 

Library, Committee on, appointed. 641, Dec. 

Little, Beekman C. A rambling description of the Rochester water-works. 
485, Dec. 


McInnes, F. A. Progress report of committee on standard specifications for 
post hydrants. 205-220, Mar. 

Maidstone typhoid epidemic. By W. P. Mason. 299-304, June. 

Main, Charles T. Report of committee on damages from diversion of 
water. I-186,.Mar. 

Mains, cleaning water. Topical discussion. 373-376, Sept. 

Mason, W. P. The Maidstone typhoid epidemic. 299-304, June. 

Metals, the corrosive action of water on. By R.S. WEsTON. 559, Dec. 

Metcalf, Leonard. 
Report of committee on damages from water diversion. 1-186, Mar. 
Depreciation in water-works operation and accounting. With Discussion. 

442, Dec. 

Meters, round multiple and straight reading registers for water. 

Topical discussion. 370-372, Sept. 


NE W W Association. 
Address, president’s. ROBERT J. THOMAS. 225, Mar. 
Amendments of constitution. 247, Mar. F 
Committees appointed. 
Committee on incorporation. 253, Mar. 
Arrangements for Providence meeting. 253, Mar. 
Arrangements for Hartford meeting. 253, Mar. 
To represent the association at Boston, 1915. 254, Mar. 
Subject of increased membership. 255, Mar. 
Annual convention. 255, Mar. 
Statistics for the consumption of water. 636, Dec. 
Committee on library. 641, Dec. 
Committee reports. 
On damages from diversion of water, final report. 1-186, Mar. 
On standard hydrant specifications, progress report. 205-220, Mar. 
On incorporation. 254, Mar. 
Executive committee. 
Dec. 8, 1909. 251, Mar. 
Jan. 12, 1910. 252, Mar. 
Feb. 9, 1910. 254, Mar. 
Feb. 16, 1910. 255, Mar. 
Mar. 9, 1910. 338, June. 
Mar. 24, 1910. 339, June. 
April 13, 1910. 339, June. 
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June 22, 1910. 418, Sept. 
Sept. 21, 22, 23, 1910. 639, Dec. 
Nov. 9, 1910. 640, Dec. 
Dec. 14, I910. 641, Dec. 
Meetings. 
Dec. 8, 1909. 221, Mar. 
Jan. 12, 1910. 223, Mar. 
Feb. 9, 1910. 246, Mar. 
Mar. 9, I910. 332, June. 
Apr. 13, 1910 (Hartford, Conn.). 334, June. 
June 22, 1910 (Providence, R. I.). 416, Sept. 
Sept. 21, 22, 23, 1910 (Rochester, N. Y.). 623, Dec. 
Nov. 9, 1910. 633, Dec. 
Dec. 14, 1910. 636, Dec. 
Reports of officers. 
Secretary. (Willard Kent.) 231, Mar. 
Treasurer. (L. M. Bancroft.) 234, Mar. 
Editor. (R. K. Hale.) 238, Mar. 
Uniform statistics for 1909. By RicHarD K. HALE, editor. 419, Dec. 


Obituary. 
Earle Harley Gowing. 256, Mar. 
Dennis H. Gilderson. 241, June. 


Parks, Rochester. By C. C. LANEy. 482, Dec. 
Pipes, steel, for water works. By E. KuIcHLING. 514, Dec. 
Providence, R. I., NE WW4A meeting at. 416, Sept. 


Purification plant of the Rochester and Lake Ontario Water Company. 


By James M. Carrpb. 503, Dec. 


Reservoir, Cobb’s Hill, Rochester, N. Y. By JoHN F. SKINNER. 498, Dec. 


Rochester, N. Y. 
Memoranda relative to. By EpwIn A. FISHER. 473-482,*Dec. 
Parks. By C. C. LANEY. 482-485, Dec. 


A rambling description of the water works. BEEKMAN C. LITTLE. 


485-492, Dec. 


Pertinent matters relating to the water works. By FREDERICK T. ELwoop. 


492-498, Dec. 
Cobb’s Hill Reservoir. By JOHN F. SKINNER. 498-503, Dec. 


The purification plant of the Rochester and Lake Ontario Water Company. 


By JamMEs M. Carrp. 503-514, Dec. 
Annual convention held at. 623, Dec. 


Secondary water supplies, their dangers and value. Topical discussion. 


377-415, Sept. 
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INDEX. 


Services, vibration in house. Topical discussion. :365-369, Sept. 
Skinner, John F. Cobb’s Hill Reservoir, Rochester, N. Y. 498, Dec. 
Specifications, standard, for post hydrants. Progress report of com- 
mittee on. 205-220, Mar. 
Stacy, George A. Progress report of committee on standard specifications 
for post hydrants. 205-220, Mar. 
Statistics. 
Damages for water power diversion, report of committee on. 1-186, Mar. 
Principal, NE WW A. 230, Mar. 
Consumption of water, committee appointed to consider. 636, Dec. 
Uniform, for 1909. By RicHarD K. HALe. 419, Dec. 
Water works. By F.C. JorDAN. 592, Dec. 
Sullivan, W. F. Progress report, report of committee on standard specifi- 
cations for post hydrants. 205-220, Mar. 


Thomas, Robert J. President NE WW4A. Address. 225, Mar. 
Topical Discussion. 

Vibration in house services. 365-369, Sept. 

Round multiple and straight reading registers for water meters. 370-372, 

Sept. 

Cleaning water mains. 373-376, Sept. 

Secondary water supplies, their dangers and value. 377-415, Sept. 
Typhoid, Maidstone, epidemic. By W.P. Mason. 299-304, June. 


Vibration in house services. Topical discussion. 365-369, Sept. 


Water. 

Report of the committee on damages from water, and water power - 
diversion. 1-186, Mar. 

Consumption of, statistics for, committee appointed to consider. 636, 
Dec. 

Double filtration of. By H. W. CLARK. 585, Dec. 

Water power. 

Report of the committee appointed to collect data relating to awards for 
water and water power diversion. 1-186, Mar. 

Governmental regulation of. By MArsHaLtt O. LEIGHTON. 259-276, 
June. 

Water rights, the underlying principles governing riparian water 
rights and diversion suits. By CHARLEs F. CHOATE, Jr., Esq. 187-204, 
Mar. 

Water supplies, secondary, their dangers and value. Topical discussion. 
377-415, Sept. 

Weston, Robert Spurr. The corrosive action of water on metals. 559, Dec. 

Wheeler, William. Report of committee on damages from water diversion. 
1-186, Mar. 
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Water works. 

Uniform statistics for 1909. By RicHARD K. HALE. 419, Dec. 

Operation and accounting; depreciation in. By LEONARD METCALF. 
442, Dec. 

Statistics of income. By F. C. JoRDAN. 592, Dec. 

Rochester water works. BEEKMAN C. LITTLE. 485, Dec. 

Pertinent matters relating to the Rochester. By FREDERICK T. ELwoop. 
492, Dec. 

Steel pipes for. By E. Kuicuiinc. 514, Dec. 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN 
EMPIRE 
NASH 
GEM 
PREMIER 


With the only reliable straight- 
reading register in the market 


National Meter Company 


84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG LOS ANGELES 
159 Franklin St. 1223 Wabash Ave. 4 Smithfield St. 411So. Main St. 
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ADVERTISEMENTS. 


GAS ENGINE and 
TRIPLEX PUMP 


Town and Village Water 
Works ¥ ¥ ¥ and Pump 
ing Service Generally . 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


CHICAGO: 1223 Wabash Ave. PITTSBURG: 4 Smithfield Street 
BOSTON: 159 Franklin Street LONDON: Saracen Chambers 
LOS ANGELES: 411 South Main Street 
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iv ADVERTISEMENTS. 


Stop Wholesale Loss 


USE THE HERSEY DETECTOR-METER ON 


FIRE AND MANUFACTURING SERVICES 


ENDORSED BY WATER DEPARTMENTS AND UNDERWRITERS 
THIS IS THE ONLY METER 


WHICH REGISTERS ALL LARGE FLOWS 
WHICH REGISTERS ALL SMALL FLOWS 
WHICH DOES NOT OBSTRUCT THE FLOW 


Send for Catalog and also “THE HERSEY DETECTOR-METER and 
what Waterwork Officials say about it” 


HERSEY MANUFACTURING CO. 


Main Office and Works: SOUTH BOSTON, MASS. 
BOSTON, MASS., 714 Tremont Temple | NEW YORK, N. Y., 174 Fulton Street 


CHICAGO, ILL., 84 La Salle Street BUFFALO, N. Y., 806 White Building 
COLUMBUS, O., 211 Schultz Building ATLANTA, GA., 201 Kaiser Building 


ALL KINDS Of METERS FORALL KINDS OF SERVICES 


~400,000.SOLD 
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ADVERTISEMENTS. 


AGCURAGY, LONG LIFE, 
Avoidance of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


“LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

_ The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the “* LAMBERT” meter. 
Where ** LAMBERT” meters are selected, success is assured. 

100-110 BRIDGE ST. 


THOMSON METER CO. BROOKLYN, N. Y. 


— — 
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ADVERTISEMENTS. 


Assembling Simplicity of Trident Construction 


The above cut showsa Trident-Disk Meter dismantled and the extreme ease with which it can be 
assembled, by first putting in the gear train, then the disk-chamber, the frost bottom next, then the 
register and register box and the meter is complete, The Trident combination wrench is the only 
tool necessary to use, 


NEPTUNE METER COMPANY 


90 WEST STREET NEW YORK 


CHICAGO, BOSTON. SANFRANCISCO, 
ATLANTA, LOSANGELES, PORTLAND, SEATTLE 
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ADVERTISEMENTS. 


Two Meters One Quality 


KEYSTONE and EUREKA 
WATER METERS 


For House, Factory For measuring large 
and similar service rapidly flowing volumes 


We do not make three or four 

grades of meters for the 

same service. Our one grade 

is the best we can make— 

and it has proven to be the 

best on the market 
CATALOG FREE 


Pittsburg Meter Company 
Main Office and Works, East Pittsburg, Pa. 


NEW YORK CHICAGO KANSAS CITY SEATTLE 
165 Broadway 256 MadisonSt. 6 West 10thSt. 8th and Madison Sts. 
SAN FRANCISCO, 149 New Montgomery St. 


MAKERS OF GAS METERS AND WATER METERS 
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ADVERTISEMENTS. 


We Send Trial Meters Free 


To Cities and Water Companies desiring 
to Improve their Meter Service 


The Worthington 


Disc Meter 


Is not only accurate and well constructed, but it is made in 
the largest meter factory in the world and by the most 


modern machinery, and embodies twenty years of experi- © 


ence. The disc is water balanced, reducing wear to a 
minimum. Sand cannot collect under its bearing and grind. 
it out. Friction is further minimized by the greater dis- 
placement per rotation of the disc, which also reduces the 
speed and wear of the gear train. Drop us a letter giving 
the conditions of your service and the number of con- 
sumers connected, and we will be pleased to send our 
Bulletin W112 NE and carry out the conditions of the 
above offer of a trial meter. 


HENRY R. WORTHINGTON 
115 Broadway New York 
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ADVERTISEMENTS. 


UNION ROTARY, COLUMBIA, DISC 
and NILO (velocity) WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 
WORCESTER, MASSACHUSETTS 


GRAVITY ano PRESSURE 


FILTERS 


THE New YORK CONTINENTAL JEWELL FILTRATION Co. 


16 BROAD STREET = NEW YORK 
167 DEARBORN STREET CHICAGO 


OWNERS OF THE NEGATIVE HEAD FILTER PATENT 


PITTSBURGH FILTER MFG. CO. 
NORWOOD ENGINEERING CO. 
ROBERTS FILTER MFG. CO. 
J. N. CHESTER, C. E. 
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ADVERTISEMENTS. 


MUELLER 


Corporation 


No. 6 MUELLER and 
No. 78 Curb Cock 


Curb Cocks = 


Mueller Corporation Cocks are - 

made of red brass, carefully. 

cored for evenly balanced walls, ge 

keys smoothly ground and pol- ft 

ished into the body. - 

Mueller Patent Cap Inverted 

Key curb cocks have the strong- 

est check ever devised. Two 

lugsin the cap operate against _ 

two lugs on the rim of the cock. —_No. 84 Curb Cock 
When brought together the cock im. Top Patent Cap 
is certain to be full open or full Ee 


closed. 


Corporation and curb cocks in 
all patterns tested 200 pounds 
hydraulic pressure. 


Unconditionally guaranteed. 


TRADE MARK 


MUELLER 


REGISTERED 


H. MUELLER MFC. CO. 


Works and General Offices Eastern Division 


DECATUR, ILL., U. S. A. NEW YORK, N. Y., U.S. A. 
West Cerro Gordo Street 254 Canal Street (Cor. Elm) 


CHICACO BRANCH, 37 DEARBORN STREET 
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ADVERTISEMENTS. 


Harold. Bond Company 


Lead Jute Packing, Calk= 
ing Tools, and all supplies for 


WATER WORKS CONSTRUCTION. 


Send for Price-list 


383-391 Atlantic Ave., Boston 


Boston Engineers’ Supply Co., 
RUBBER HOSE, BELTING and PACKING, 


OILS and MILL 
SUPPLIES, 


Engine Packings, Grease and Specialties. 
No. 56 PURCHASE STREET, 


BOSTON. 


TELEPHONE, MAIN 4455-2. 


PARAMOUNT CYLINDER OILS. 


SIMPLEX VALVE AND METER COMPANY 


REGULATING VALVE 


Manufacturers of 


METERS 


ALTITUDE VALVES 
For Reservoirs and Standpipes — Non- 
Freezable 


ALTITUDE VALVES 
For Railroad Water Cubs—No Water 


Hammer 


RATE CONTROLLERS 
Loss of HEAD and 
Rate of FLOW GAUGES . 


VENTURI TUBES and 
MANOMETERS | 


AUTOMATIC AIR VALVES 


For Large Pipes 


For Filters 


112 North Broad St. 


Philadelphia | 


| 
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ADVERTISEMENTS. 


C.D. Kirkpatrick, Mgr. S. P. Gates, Asst. Mgr. 
Established 1878 


B. F. SMITH & CO. 


Incorporated 
Artesian and Driven Wells, Foundation Borings 


Engineers and Contractors for Muni- 
cipal and Private Water Works 


Office 38 Oliver Street Boston, Mass. 


HAGUE 


SILENT PUMPING ENGINE 
GAS OR ELECTRIC POWER 


FOR WATER WORKS 


CHARLES A. HAGUE 
52 BROADWAY NEW YORK CITY 


| Assoc. Amer. Soc, C. E. 


WILLIAM R. CONARD 


Assoc. Mem. Amer. Soc. M. E. 


322 High St., Burlington, N. J. 
Inspections and Tests of Materials 


us SOUTHERN OFFICE 


Maison Blanche Bldg., New Orleans, La. 
R. C. HUSTON, C.E., Special Representative 


CATALOG 'M' 


Is an interesting and instructive book- 

let relating to the installation of water 
meters; the uses of 
new water-works 
appliances. 


A copy may be had 
for the asking 


H. W. CLARK CO, 


110 $O. 17TH ST. 
MATTOON, ILL., U.S.A. 


WE CAUTION our many 
friends and patrons against infringements of our patents. 


Dixon’s Waterproof 
GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc. 
Send for free sample 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 


— 


THIS IS THE FAMOUS 


BLACK SQUADRON 


METALLIC 


PACKING 


That is used exclusively in so many of the 
largest and most up-to-date water-works 
pumping stations throughout the world. 
Send for free samples of high-pressure, 
low-pressure and semi-metallic. Also send 
for sample of Cancos Metal Polish. 
CANCOS MANUFACTURING CO. 
Geo. M. CosTe.to, PrestT. 
PHILADELPHIA, PA. 
S3ranch Office: 102 HIGH STREET, BOSTON, MASS. 


| stalled at small cost. 
| Portable Test Pitometers 


The Pitometer 


Company 
220 BROADWAY 
NEW YORK 


Photo-recording instruments 
for Water Waste Surveys. 


‘Pump Slip Indicators in- 


sold with full printed in- 
structions and tables. 


Write for Information 
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ADVERTISEMENTS. xiii 


THE A. SMITH MANUFACTURING 


NEWARK, N. J. 
Manufacturers of 
Tapping [achines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Cotgeeation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS ENGEL 


JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


‘ LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield , Mass. 
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ADVERTISEMENTS. 


AMERICAN anp NIAGARA 
WATER METERS 


WITH 
WEL BEARING 


INTERMEDIATE GEARS 


have ark model of 
high-grade workin 
parts furnished in di 
ferently 
outside casings and 
fitted with either peg 
of dial. Each meter is 
assembled and tested 
with unusual care and — 
STANDARD DIAL precision. Their de- STRAIGHT READING DIAL 
sign, materials and workmanship insure accuracy, durability and 
satisfaction. 


BUFFALO METER CO. 


290-296 TERRACE, BUFFALO, N. Y. 
ESTABLISHED 1892 


DiISTRIBUTERS FOR New ENGLAND 


GEO. E. GILCHRIST CO., 106 HIGH STREET, BOSTON, MASS. 
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ADVERTISEMENTS. 


| WATER | We make Pressure Regulating Valves 
for all purposes, steam or. water. 


REGULATORS | 


We can interest you if you use acondenser, ~ 


Water Engines for Pumping Organs 
THE Ross VALVE MFG. Co. 


or parlor or; 5 


TROY, N. Y. “Sa 


NORWOOD ENGINEERING CO. 
FLORENCE, MASS. 

NOTICE—WE HAVE ARRANGED TO MANUFACTURE THE CELEBRATED 

WALKER FIRE HYDRANT 

ONE OF THE BEST HYDRANTS MADE 

MECHANICAL FILTRATION 

PLANS AND ESTIMATES CHEERFULLY SUBMITTED 


CAST IRON 


: ‘FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
“ Main Office, Utica, N. Y. 
Branch Office 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP YALYES ¢ 
and... STEAM GAGES 


Superior in Quality of material and workman- 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
© the market. Send a trial order subject to ap- 
proval ONLY IF SATISFACTORY, and thereby prove the claims made f¢ ~ 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY 


The ASHTON VALYE CO., 271 Franklia Street, BOSTON, MASS 
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ADVERTISEMENTS. 


R. D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS ‘ 
pumpinc Cast Iron P ipe 


CUTTING-IN 


Mathews 
Fire Hydrants 


A half century of use has established their reputation as 
being the most economical, durable and simple hydrant. 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO, STANDARD 
DOUBLE DISK 
ANTI-FRICTION 


Old Way Our Way s 
= Connections economically and eas- 
ily made with one fitting. Saves 
“al sleeve, cuts, lead and unnecessary = : 
work and material. fi \\ 
\ Cost of fittings reduced from 25% | 
: Convenient to handle. Sold by 
\ 898 
| 
SS \ 


ADVERTISEMENTS. Xvii 


yy THE LUDLOW VALVE MFG. CO. 


MANUFACTURERS OF .., 


VALVES M0 FIRE HYDRANTS 


This hydrant is anti-freezing, because when the drainage 
is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant and 
drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 


DOUBLE AND FIRE 
SINGLE GATE 

VALVES, HYDRANTS. 
ALSO ChECK 

VALVES, YARD, WASH, 
FOOT AND FLUSH 


HYDRANTS. 


SEND FOR CIRCULARS, 


OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


S. D. M. Je 


Coffin Company. 


Boston, Wags. 


Makers of the largest Sluice and Gate Valves in America 


SLUICE VALVES 


of every size and for every condition 
GATE VALVES CHECK VALVES FIRE HYDRANTS 


Beira 
| | 


ADVERTISEMENTS. 


CHAPMAN 
Valve Manufacturing Co. 


General Office and 
Works ¥ ¥ 


Indian Orchard 
Massachusetts 


Manufacturers of 


Valves and Gates 


for all purposes “ ¥ Also 


Gate Fire hydrants 


AGENCIES 


BOSTON 
94 Pearl St. 


NEW YORK 
49 John 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
120 Franklin St. 


ST. LOUIS 
16 S. Twelfth St. 


CHARLOTTE, N.C. 
Thos. B. Whitted & Co. . 


PITTSBURGH 
47 Terminal Way 


LONDON 
147 Queen Victoria St. | 


PARIS 
54 Boulevard du Temple 


JOHANNESBURG 
South Africa 


MONTREAL, CAN. 
Jas. Robertson Co., Ltd. 


TURIN, ITALY 
Pietro Ferrero & C. 
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ADVERTISEMENTS. 


The “COREY” 
FIRE 


MODERN 


SUCCESSFUL SjJPERIOR 


ALL SIZES PRESSURES 
WATER, STEAM, GAS, OIL, ETC. 


ELECTRICALLY OPERATED VALVES 
ss ~ Check Valves Air Valves 
at} Indicator Posts Valve Boxes 


CATALOGUE UPON APPLICATION 


ENSSELAER MFG. CO., Troy, 


NEW oe 180 Broadway PITTSBURG, 1102 House Bldg. 
CHICA ST. LOUIS, MO., 
Monadnock Block Room 1228, Chemical Bldg. 


RENSSELAER VALVES 


Warren Foundry Machine C0. Established 1856 


Works at Phillipsburg, New fersey. ...... 
Sales Office, 111 “Broadway, New York, 


Cast Iron Water From 3 to 60 inches 
and Gas P | r E in diameter. 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 
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ADVERTISEMENTS. 


Solvay Protective Paints 


FOR 


IRON AND STEEL 
CRYSOLITE 


PROTECTS CORRUCATED IRON and STRUCTURAL STEEL 


HYDRAULIC PAINT 


PROTECTS STEEL WATER PIPE and SUBMERCED STEEL 


ACID RESISTING PAINT 


PROTECTS BLAST FURNACES, SUCAR and PAPER MILLS, &c. 
FROM CORROSION 


Write for Booklet W-44 


SEMET-SOLVAY CO. 
Syracuse, N. Y. Ensley, Ala. . New York Chicago 


Are You Getting Full Efficiency 
of Your Water Mains? 


Before 
Cleaning 


After’ 
Cleaning 


July 13, 1907 


Fire plug showing increased flow under same pressure 
at Wheeling, W. Va. For further particulars address 


National Water Main Cleaning Co., YORK. 
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EASTERN OFFICE: 
220 BROADWAY 
NEW YORK CITY 


WESTERN OFFICE: 
 MONADNOCK BLDG. 
CHICAGO, ILL. 


FOR WATER AND CAS =: 


McWane Works 


MAIN OFFICE: LYNCHBURG, VA. 


FOUNDRIES: 
LYNCHBURC, VA. ~ RADFORD, VA. 


EMAUS PIPE FOUNDRY, | 
DONALDSON IRON CO., 


MANUFACTURERS 


CAST 


PIPE 


Special Castings for Water and Gas. 
_ Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 
GEORGE ORMROD, 


President and Treasurer. EMAUS, 


J. G. EBERLEIN, Secretary. 


LEHIGH COUNTY, PA. 


=: 
ADVERTISEMENTS. xxl 
: 
4 
: 
j 


xxii ADVERTISEMENTS. 


CAST IRON 


ALL REGULAR SIZEs, 3 INCHES TO 84 INCHES 


For WATER, GAS, SEWERS, DRAINS, Etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE PIPE AND FLANGE FITTINGS 


HEAVY CASTINGS 


AND THOSE MADE FROM ORIGINAL DESIGNS 


United States Cast Iron Pipe and Foundry Company 


GENERAL OFFICES, 71 BROADWAY, NEW YORK 


Eastern Sales Office . . . 71 Broadway, New York | Southern Sales Office . . . . Chattanooga, Tenn. 
Western Sales Offices, 638 ““The Rookery,’’Chicago, Ill. | Pittsburgh Sales Office . . . . Murtland Building 
Philadelphia Sales Office . . . Land Title Building 
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ADVERTISEMENTS. Xxili 


A continuous auto- 
graphic record of 
the rate of flow 


Ghe total number 
of gallons 


Ghe exact rate of 
flow at the moment 
of observation 


vewruat 
n-} 


given by 1 he 
Type M 


Register 
Indicator 


Recorder 
used with the 


Venturi Meter 


PATENTED BY 


Builders 


Iron 
Foundry 
PROVIDENCE R.I. 
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xxiv ADVERTISEMENTS. 


Chadwick-Boston Lead 


Corner Congress and Franklin Streets 


162 Congress St. BOSTON 180 & 182 Franklin St. 


LEAD PIPE AND SHEET LEAD 


Patent Tin-lined Pipe 
Pure Block Tin Pipe 


PIG LEAD 


(Best Brands for Joint Work always in Stock) 


Pig Tin, Wire Solder, Pumps, etc. 


ALSO 


“Forest River” and “Star” Brands 


PURE WHITE LEAD 
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ADVERTISEMENTS. XXV 


Eoco Gilsonite Paint 


(Prepared under German Formulas) 


Put this Paint on your Stand-Pipe, Pumps, Engines, 
Smoke Stack, Hydrants, brick, cement or wood-work, 
inside or outside your station; in fact, anything requir- 
ing Paint, then let us 


Talk about it 


It is Water proof and Heat proof; it is Elastic and will 
not crack; retains its gloss; is easily applied; has greater 
covering capacity; washed down with water it becomes 
fresh and bright. Just like new. 


When applied according to directions, we give a guar 
anty that it will stand for five years. Paint with a 


GUARANTY 


is worthy of your consideration, 


EOCO GILSONITE PAINT 


THE PAINT OF NINE COLORS 


; Color card and price sent on request 
Which will you buy? -: 

Paint on a Guess, or 

Paint on a Guaranty ? 


Eagle Oil @ Supply Co: 
Sole N. E. Agents 


104 Broad Street | BOSTON, MASS. 
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ENGINEERING NEWS 


Founded 1874 


The Leading Engineering Paper 
of the World 
For Engineers, Architects, Draftsmen, Contractors, 


Manufacturers, Purchasing Agents, Government 
and Municipal Officials 


Stands for progress, character and the highest ideals of the 
Engineering profession. 

Covers the broad field of Engineering more comprehensively than 
any similar publication. 

The most ably.edited and most widely quoted technical journal in 
the world. 


Nearly 2000 pages of text amply illustrated with photographs and 
drawings, and 450 pages of authentic Construction News notes. 


The principal medium for “Situations Open,” “ Situation Wanted ” 
and “ Proposal” advertising. 


Book Reviews in “Engineering Literature” Supplement, and 
Market Reports in “Current Prices of Engineering Materials.” 


A subscription is an investment — not an expense 
ONE YEAR $5.00 
A Sample Copy Sent on Request to Any Address. 


Can You Afford to be Without the Most Important Journal 
Devoted to Your Profession ? 


“MUNICIPAL FRANCHISES ” 


By DELOS F. WILCOX, Ph.D., Chief of the Bureau of Franchises, 
Public Service Commission, First District of New York 
A valuable book which should be in the hands of every municipal official and 
engineer who comes in contact with franchise problems. 


Price, $5.00 Postpaid. Send for Table of Contents. 


The Engineering News Publishing Co. 
220 Broadway . a‘ New York City 
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Goods That 


Corporation Cocks 
Lead Goose Necks 
High-Grade Round-Way Curb Cocks 
Inverted-Key Round-Way Curb Cocks 
Original Hays-Erie Curb Boxes 


Each cock is tested under 200 pounds hydraulic 
pressure, and all goods fully guaranteed. 


Complete line Water Works material. It will be 
to your interest to learn more about our products 


HAYS 


COMPLETE WORKS 


x08 
IM @ SVD 40 MIA 


127TH ano LIBERTY STS. 
ERIE, PENNSYLVANIA 
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XXViii ADVERTISEMENTS. 


The 


Design and Construction 
of 


Water-Works Systems 


and Novel Features in their 
Management are given 
careful attention by 


THE 
Engineering Record 


It also gives prominence to the 
following departments of a 


Water-Works System : 


DAMS PIPE SYSTEMS 


AQUEDUCTS WATER TOWERS 


PUMPING STATIONS FILTERS 


SAMPLE COPIES FREE 
- Subscription Price, $3.00 a Year 


ENGINEERING RECORD 


239 WEST 39TH STREET _ NEW YORK 
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ADVEKTISEMENTS. Xxix 


1881 1910 


The Cook Well Co. 


ST. LOUIS, MO., U. S. A. 


Cook’s System of Wells 


For Cities, Towns, Villages, Railroads, Ice Plants, 
Breweries and Manufactories 


Cook’s Patent Brass Tube. 
Well Strainer 


Cook's Deep Well Pumping Engines 


ESTIMATES FURNISHED UPON APPLICATION 
: WRITE FOR CATALOGUE AND SAMPLES 


STANDARD GAST IRON PIPE & FOUNDRY CO, 


BRISTOL, PA. 
CAST IRON PIPE AND SPECIAL CASTINGS 


GENERAL FOUNDRY AND MACHINE WORK 


PLANT LOCATED ON DELAWARE RIVER 


Most Modern and Best Equipped Shipments made Either 
Cast Iron Pipe Plant in America by Water or Rail 
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xxx . ADVERTISEMENTS. 


Twelve Reasons Why 
YOU SHOULD USE 


Registered U. S. Patent Office 


FOR 
Jointing Water Mains 


1. DURABILITY. Leadite joints increase in strength with age. 
NO CAULKING: Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

3. COMPARATIVE QUANTITIES. One ton of Leadite is 
equivalent to four tons of lead. 

4. LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost ad trench pumping to 
the minimum. 

5. COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

6. TOOLS. As no caulking is required, expense of caulking tools 
is saved. 

7. TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

8. HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

9. FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

10. DELIVERY. We can make prompt shipments. 

11. DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are saved because Leadite joints will not blow out 
under any pressure. 

12. USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 


LAND TITLE BUILDING PHILADELPHIA 
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ADVERTISEMENTS. XxXxXi 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 


ENGINEERS. PAGE. 


FILTERS AND WATER SOFTENING PLANTS. 
New York Continental Jewell Filtration Co... . ix 


FURNACES, ETC, 
The A. P. Smith M’f’g Co 


GAS ENGINES. 


GATES, VALVES, AND HYDRANTS. 


Chapman Valve M’f’g Go... XVill 
The A. P. Smith M’f'g Co... Kill 


INSPECTION OF MATERIALS. 


LEAD AND PIPE. 
Lead Lined Tron Pipe Co. 6 Si 


LEADITE. 


METERS. 
Buffalo MeterCo. ... 


Builders Iron Foundry 
Simplex Valve and Meter Co... cc xi 


METER BOXES. 


OIL, GREASE, ETC. : 
Boston Engineers’ Supply Co. .. xi 


PACKING. 
Eagle Oll and Supply Co... .. 
PAINT. 


PIPE JOINTS. : 


PRESSURE REGULATORS. 


(Index continued on page rxzii.) 
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xxxii ADVERTISEMENTS. 


New England Water Works Association 


STANDARD SPECIFICATIONS 
FOR 
Cast Iron Pipe 
AND 


Special Castings 


Price 10 Cents 


WILLARD HENT, Secretary 
715 Tremont Temple 
BOSTON, MASS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Concluded), 


PUMPS AND PUMPING ENGINES. : 
Builders Iron Foundry. . xxili 
R. D. Wood & Co. ‘ 


STRAINERS. 


* 


TAPPING MACHINES. 


TOOLS AND SUPPLIES. 
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The Journal of the New England Water Works Association 
ig-a quarterly publication, containing the papers read at the meetings, tor 
gether with verbatim reports of the discussions. Many of the contribu- 
tions are from writers.of the highest standing in their profession. It 
affords a convenient medium for the interchange of information and experi- 
ence between the members, who are s0 widely separated as to find frequent 
meetings an impossibility. Its success has more than met the expectation 
of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subscription list is a material aid in extending its field 
of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
IN PART RETURN FOR THEIR ANNUAL are to. all others the subscription 
is three dollars per annum. , 


ADVERTISERS 


vin attention of parties dealing ra goods used by Water Departments is 
called to the JOURNAL OF THE NEw ENGLAND. Water WorRKs Ass0- 
’ CIATION as an adyertising medium. 

[ts subscribers include the principal WareR Works ENGINEERS and 
: Conpreacrong inthe United States. The paid eircilation is oven TOO 
COPIES. 
_ Being filled with ‘original matter of the greatest interest to Water 
Works Officials, It is PRESERVED and constantly REFERRED TO BY 
THEM, and advertisers are Gms more certain to REACH BUYERS than 
by any other means. 

The JOURNAL is not. published as a means of yevenue, advertisements 
being inserted solely to help meet the large expense of publication. 


ADVERTISING RATES. 


One-half page, single insertion 
One-fourth page, single insertion . . 
Size of page, 73 x 43 net. 


sarpple copy will be sent on application. 
farther information, address, 
ROBERT J. THOMAS, 
Advertising Agent, 


One page, one year, four insertions . Sixty. Dollara, 
One-half page, one year, four insertions .. . be . Forty Dollars. 
One-fourth page, one year, four insertions Twenty-five Dollars. 
One-twelfth page (card), one year, four Ten Dollars, 
One page, single insertion Thirty Dollars. 


Dollars. 
Bifteen Dollars, 


LOWELL, 

MASS, 

Or, RICHARD K. HALE, 
Editor, 
a5 Water Street, Boston, Mass. 
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